SPECIFICATION 
REFRIGERATION CYCLE APPARATUS 

TECHNICAL FIELD 

The present invention relates to a refrigeration cycle 

apparatus using carbon dioxide as refrigerant and having a 

compressor, an outdoor heat exchanger, an expander and an indoor 

heat exchanger. 

BACKGROUND TECHNIQUE 

A flow rate of mass of refrigerant which circulates 

through a refrigeration cycle apparatus is all the same in any 

points in a refrigeration cycle. If a suction density of 

refrigerant passing through a compressor is defined as DC and 

a suction density of refrigerant passing through an expander 

is defined as DE, the DE/DC (density ratio) is always constant. 

In recent years, attention is focused on a refrigeration 

cycle apparatus using, as a refrigerant, carbon dioxide (C0 2 , 

hereinafter) in which ozone destroy coefficient is zero and 

global warming coefficient is extremely smaller than Freon. 

The C0 2 refrigerant has a low critical temperature as low as 

31.06°C. When a temperature higher than this temperature is 

utilized, a high pressure side (outlet of the compressor - gas 

cooler - inlet of pressure reducing device) of the refrigeration 

cycle apparatus is brought into a supercritical state in which 

C0 2 refrigerant is not condensed, and there is a feature that 

operation efficiency of the refrigeration cycle apparatus is 

deteriorated as compared with a conventional refrigerant. 
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Therefore, it is important for the refrigeration cycle 
apparatus using CO2 refrigerant to maintain optimal COP, and 
if a temperature of the refrigerant is changed, it is necessary 
that a pressure is adjusted to a refrigerant pressure which is 
optimal to the refrigerant temperature. 

However, when the refrigeration cycle apparatus is 
provided with the expander and power recover by the expander 
is used as a portion of a driving force of the compressor, the 
number of rotation of the expander and the number of rotation 
of the compressor must be the same, and it is difficult to 
maintain the optimal COP when the operation condition is changed 
under constraint that the density ratio is constant. 

Hence, there is proposed a structure in which a bypass 
pipe which bypasses the expander is provided, the refrigerant 
amount flowing into the expander is controlled, and the optimal 
COP is maintained (see patent documents 1 and 2 for example) . 
[Patent Document 1] 

Japanese Patent Application Laid-open No . 2000-234814 
(paragraphs (0024) and (0025) and Fig. 1) 
[Patent Document 2] 

Japanese Patent Application Laid-open No . 2001-116371 
(paragraph (0023) and Fig. 1) 

However, there is a problem that as a difference between 
a volume flow rate of fluid which flows into the expander and 
an optimal flow rate in terms of design is increased, an amount 
of refrigerant flowing through the bypass pipe is increased and 
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as a result, power which could have been recovered can not 
sufficiently recovered. 

If the power recover by the expander is used as a driving 
force for an auxiliary compressor which is different from the 
compressor, it is possible to eliminate the constraint that the 
number of rotation of the expander and the number of rotation 
of the compressor must be the same. However, even if the 
auxiliary compressor is driven by the expander, the constraint 
that the density ratio is constant is still remained, and it 
is still necessary to control the amount of refrigerant which 
flows into the expander. 

Thereupon, it is an object of the present invention to 
reduce the constraint that the density ratio is constant as 
small as possible, and to obtain high power recovering effect 
in a wide operation range. 

SUMMARY OF THE INVENTION 

A first aspect of the present invention provides a 

refrigeration cycle apparatus using carbon dioxide as 

refrigerant and having a compressor, an outdoor heat exchanger, 

an expander, an indoor heat exchanger and an auxiliary 

compressor, in which the auxiliary compressor is driven by power 

recover by the expander, when refrigerant flows using the indoor 

heat exchanger as an evaporator, a discharge side of the 

auxiliary compressor becomes a suction side of the compressor, 

and when refrigerant flows using the indoor heat exchanger as 
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a gas cooler, a discharge side of the compressor becomes a 
suction side of the auxiliary compressor. 

According to the first aspect of the present invention, 
a refrigeration cycle apparatus is structured such that when 
refrigerant flows while using an indoor heat exchanger as an 
evaporator, a discharge side of an auxiliary compressor is a 
suction side of a compressor, and the refrigerant which is 
sucked into the compressor by the auxiliary compressor is 
supercharged, and when the refrigerant flows while using the 
indoor heat exchanger as a gas cooler, the discharge side of 
the compressor is a suction side of the auxiliary compressor, 
and the refrigerant which is discharged from the compressor is 
further super-pressurized, thereby reducing the difference in 
the density ratio by the refrigerant flow (operation aspect) 
to achieve the high efficiency. 

The density ratio of the aspect will be explained using 
Fig. 3. Here, the refrigerant flow in which the indoor heat 
exchanger is used as the evaporator is called a cooling 
operation aspect, the refrigerant flow in which the indoor heat 
exchanger is used as the gas cooler is called a heating operation 
aspect, and a case in which the discharge side of the auxiliary 
compressor is the suction side of the compressor is called a 
supercharger aspect, and a case in which the discharge side of 
the compressor is the suction side of the auxiliary compressor 
is called an super-pressurizing aspect. 
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For example, an expander of the supercharger aspect which 
is optimal for the cooling operation aspect is designed such 
that a fixed density ratio is 4.09. If this expander is used, 
a fixed density ratio is 3.36 at the time of 1/2 rated operation. 
When this expander is used in the supercharger aspect, a fixed 
density ratio in the heating operation aspect at the time of 
rated operation is 8.50, and the fixed density ratio at the time 
of 1/2 rated operation is 8.02. 

In the cooling operation aspect when the expander is used 
in the super-pressurizing aspect, a fixed density ratio at the 
time of the rated operation is 3.00, and a fixed density ratio 
at the time of the 1/2 rated operation is 2.65, a fixed density 
ratio at the time of the rated operation in the heating operation 
aspect is 5.99, and a fixed density ratio at the time of the 
1/2 rated operation is 5.29. 

When the expander is used in the supercharger aspect, 
a fixed density ratio at the time of the rated operation in the 
cooling operation aspect is 4.09, and a fixed density ratio at 
the time of the rated operation in the heating operation aspect 
is 8.50. Therefore, if it is compared with the case at the time 
of the rated operation, a difference between the fixed density 
ratio in the cooling operation aspect and the fixed density 
ratio in the heating operation aspect is 4.41. 

When the expander is used in the super-pressurizing 
aspect, the fixed density ratio at the time of the rated 
operation in the cooling operation aspect is 3.00 and the fixed 
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density ratio at the time of the rated operation in the heating 
operation aspect is 5.99. Therefore, if it is compared with 
the case at the time of the rated operation, a difference between 
the fixed density ratio in the cooling operation aspect and the 
fixed density ratio in the heating operation aspect is 2.99. 

On the other hand, if the expander is set in the 
supercharger aspect at the time of the cooling operation aspect 
and the expander is set in the super-pressurizing aspect at the 
time of heating operation aspect as in this aspect, the fixed 
density ratio at the time of the rated operation in the cooling 
operation aspect is 4.09 and the fixed density ratio at the time 
of the rated operation in the heating operation aspect is 5.99. 
Therefore, if it is compared with the case at the time of the 
rated operation, a difference between the fixed density ratio 
in the cooling operation aspect and the fixed density ratio in 
the heating operation aspect is 1.90, and the difference in the 
density ration by the refrigerant flow (operation aspect) can 
be reduced. 

The switching aspect between the supercharger and the 
super-pressurizing of the present aspect is the feature of the 
present invention, and comparison of the COP is shown in Fig. 
4. 

As a comparative example, a system in which a bypass valve 
and a pre-expansion valve are used together, and an electric 
generator system are used. In the system in which the bypass 
valve and the pre-expansion valve are used together, a bypass 
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pipe which bypasses the expander is provided with a bypass valve, 
an amount of refrigerant flowing into the bypass pipe is 
adjusted by this bypass valve, the expander is provided at its 
inflow side with the pre-expansion valve, and a flow rate of 
refrigerant flowing into the expander is adjusted by this 
pre-expansion valve. In the electric generator system, the 
present invention and the comparative example are compared in 
the optimal cycle control state, and the electricity conversion 
efficiency is taken into consideration. 

Fig. 4 shows COP values in a rated cooling operation 
aspect and a 1/2 rated cooling operation aspect and in a rated 
heating operation aspect and a 1/2 rated heating operation when 
the expander is operated at the time of rated operation in the 
cooling operation aspect. 

As shown in Fig. 4, according to the present invention, 
it is possible to obtain a high COP value even as compared with 
the system in which the bypass valve and the pre-expansion valve 
are used together. 

According to a second aspect of the invention, in the 
first aspect, the apparatus further comprises a first four-way 
valve to which a discharge side pipe and a suction side pipe 
of the compressor are connected, a second four-way valve to 
which a discharge side pipe and a suction side pipe of the 
expander are connected, and a third four-way valve to which a 
discharge side pipe and a suction side pipe of the auxiliary 
compressor are connected, when refrigerant flows using the 
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indoor heat exchanger as an evaporator, a discharge side of the 
auxiliary compressor becomes a suction side of the compressor, 
and when refrigerant flows using the indoor heat exchanger as 
a gas cooler, a discharge side of the compressor becomes a 
suction side of the auxiliary compressor by the first four-way 
valve and the third four-way valve, and a direction of 
refrigerant flowing through the expander is always set in the 
same direction by the second four-way valve. 

According to a third aspect of the present invention, 
in the second aspect, at least one of the second four-way valve 
and the third four-way valve is replaced by a check valve bridge 
circuit comprising four check valves. By replacing the 
four-way valve by the check valve bridge circuit, it is possible 
to switch the refrigerant flow without the necessity of a 
control mechanism for switching. 

According to a fourth aspect of the present invention, 
in the first aspect, the apparatus further comprises a bypass 
circuit which reduces an amount of refrigerant flowing into the 
expander, and a bypass valve which adjusts an amount of 
refrigerant flowing through the bypass circuit. When a volume 
flow rate of refrigerant flowing into the expander is greater 
than a designed flow rate, it is possible to reduce the flow 
rate of refrigerant flowing into the expander by increasing an 
opening of the bypass valve. 

According to a fifth aspect of the present invention, 
in the first aspect, the apparatus further comprises a 



8 



pre-expansion valve which increases the amount of refrigerant 
flowing into the expander. When the volume flow rate of 
refrigerant flowing into the expander is smaller than the 
designed flow rate, it is possible to reduce the density to 
increase the flow rate of refrigerant flowing into the expander 
by reducing the opening of the pre-expansion valve. 

According to a sixth aspect of the present invention, 
in the first aspect, a suction capacity of the compressor is 

3 to 6 times of a suction capacity of the expander. By setting 
the suction capacity of the compressor and the suction capacity 
of the expander in this manner, it is possible to bring the number 
of rotation of the compressor and the number of rotation of the 
expander close to each other. 

According to a seventh aspect of the present invention, 
in the first aspect, a suction capacity of the compressor is 

4 times of a suction capacity of the expander, and a suction 
capacity of the auxiliary compressor is 4 . 3 times of the suction 
capacity of the expander. If the suction capacity of the 
auxiliary compressor is changed with respect to the suction 
capacity of the compressor by a ratio of the suction density 
of the compressor and the suction density of the auxiliary 
compressor, it is possible to set the number of rotation of the 
expander and the number of rotation of the compressor set 
substantially same . 

According to an eighth aspect of the present invention, 
in the first aspect, a cooling operation rated frequency of the 
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compressor and the cooling operation rated frequency of the 
auxiliary compressor are set to the same frequency. By setting 
the cooling operation rated frequency of the auxiliary 
compressor and the cooling operation rated frequency of the 
compressor to the same frequency, it is possible to especially 
make a heating operation rated frequency of the auxiliary 
compressor lower than a heating operation rated frequency of 
the compressor. 

Fig. 5 shows a relation between frequencies of the 
compressor and the auxiliary compressor when the cooling 
operation rated frequency of the auxiliary compressor and the 
cooling operation rated frequency of the compressor are set to 
the same frequency of 40Hz. As shown in Fig. 5, the heating 
operation rated frequency of the auxiliary compressor becomes 
39.3Hz, which is lower than the heating operation rated 
frequency of 60Hz of the compressor, a 1/2 rated frequency of 
the auxiliary compressor at the time of heating operation 
becomes 18.4Hz which is lower than a 1/2 rated frequency of 30Hz 
of the compressor at the time of heating operation. A 1/2 rated 
frequency of the auxiliary compressor at the time of cooling 
operation becomes 19.6Hz which is lower than a 1/2 rated 
frequency of 20Hz of the compressor at the time of cooling 
operation. As shown in Fig. 5, if the rated frequency of the 
auxiliary compressor is set to a range near 40Hz, it is possible 
to obtain the highest efficiency. That is, in the case of a 
displacement compressor of this kind, as the number of rotation 
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is increased, leakage loss is reduced, but as the number of 
rotation is increased, mechanical loss is increased. 
Therefore, the number of rotation of 40Hz is high efficiency 
number of rotation. 

According to a ninth aspect of the present invention, 
in the first aspect, an operation frequency of the auxiliary 
compressor is lower than an operation frequency of the 
compressor. With this feature, it is possible to rotate the 
auxiliary compressor at higher efficiency. 

According to a tenth aspect of the present invention, 
the expander and a sub-expander are arranged in parallel, and 
an electric generator is connected to the sub-expander. An 
amount of refrigerant flowing through the sub-expander is 
changed by changing torque of the electric generator of the 
sub-expander, and it is possible to adjust the amount of 
refrigerant flowing through the expander such that optimal COP 
can be obtained. Therefore, it is possible to recover the power 
efficiently in the expander, and using the refrigerant which 
bypasses the expander, the expansion power can be converted into 
electricity and recovered by the electric generator also in the 
sub-expander. 

According to an eleventh aspect of the present invention, 
the expander is provided at its suction side with a sub-expander, 
and an electric generator is connected to the sub-expander. By 
changing torque of the electric generator of the sub-expander, 
it is possible to change an amount of pre-expanded refrigerant 
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and to adjust the amount of refrigerant flowing through the 
expander such that the optimal COP is obtained. Therefore, it 
is possible to effectively recover the power in the expander, 
and expansion power can be converted into electricity and 
recovered by the electric generator also in the sub-expander 
which pre-expands. 

According to a twelfth aspect of the present invention, 
the expander is provided at its discharge side with a 
sub-expander, and an electric generator is connected to the 
sub-expander. By changing torque of the electric generator of 
the sub-expander, an amount of additionally expanded 
refrigerant is changed, and a low pressure side pressure can 
be control optimally. Therefore, it is possible to effectively 
recover the power in the expander, and expansion power can be 
converted into electricity and recovered by the electric 
generator also in the sub-expander which additionally expands. 

According to a thirteenth aspect of the present invention, 
the expander is provided at its suction side with a first 
sub-expander, a second sub-expander is provided in parallel to 
the expander and the first sub-expander, and electric 
generators are connected to the first sub-expander and the 
second sub-expander, respectively. By changing torque of the 
electric generator of the first sub-expander, an amount of 
pre-expanded refrigerant can be changed, and the amount of 
refrigerant flowing through the expander can be adjusted such 
that the optimal COP can be obtained. Further, by changing 
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torque of the electric generator of the second sub-expander, 
an amount of refrigerant flowing through the sub-expander can 
be changed, and the amount of refrigerant flowing through the 
expander can be adjusted such that the optimal COP can be 
obtained. Therefore, power can be efficiently recovered in the 
expander, it is possible to convert the expansion power into 
electricity and recover the same by the electric generator also 
in the first sub-expander which pre-expands and the second 
sub-expander utilizing refrigerant which bypasses the expander, 
respectively. 

According to a fourteenth aspect of the present invention, 
the expander is provided at its suction side with a sub-expander, 
a bypass flow path is provided in parallel to the expander and 
the sub-expander, and the bypass flow path is provided with 
a bypass valve. By changing torque of the electric generator 
of the sub-expander, an amount of pre-expanded refrigerant is 
changed, and it is possible to adjust an amount of refrigerant 
flowing through the expander such that the optimal COP can be 
obtained. Further, by changing an opening of the bypass valve 
provided in the bypass flow path, it is possible to change an 
amount of refrigerant flowing through the bypass flow path, and 
to adjust an amount of refrigerant flowing through the expander 
such that the optimal COP can be obtained. Therefore, it is 
possible to efficiently recover power in the expander, and to 
convert the expansion power into electricity and recover the 
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same by the electric generator also in the sub-expander which 
pre-expands . 

According to a fifteenth aspect of the present invention, 
the expander is provided at its suction side with a 
pre-expansion valve, a sub-expander is provided in parallel to 
the expander and the pre-expansion valve, and an electric 
generator is connected to the sub-expander. By changing an 
opening of the pre-expansion valve, it is possible to change 
a high pressure side pressure, and to adjust an amount of 
refrigerant flowing through the expander such that the optimal 
COP can be obtained. Further, by changing torque of the 
electric generator of the sub-expander, it is possible to change 
an amount of refrigerant flowing through the sub-expander, and 
to adjust an amount of refrigerant flowing through the expander 
such that the optimal COP can be obtained. Therefore, it is 
possible to efficiently recover power in the expander, and to 
convert the expansion power into electricity and recover the 
same by the electric generator also in the sub-expander 
utilizing refrigerant which bypasses the expander. 

According to a sixteenth aspect of the present invention, 
the expander is provided at its suction side with a first 
sub-expander, a second sub-expander is provided in parallel to 
the expander and the first sub-expander, an electric generator 
connected to the first sub-expander is an electric generator 
connected to a second sub-expander, the electric generator 
includes a clutch mechanism which is connected to one of the 
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first sub-expander and the second sub-expander. According to 
this aspect, by changing torque of the electric generator of 
the first sub-expander , it is possible to change an amount of 
pre-expanded refrigerant, and to adjust an amount of 
refrigerant flowing through the expander such that the optimal 
COP can be obtained. Further, by changing torque of the 
electric generator of the second sub-expander, it is possible 
to change an amount of refrigerant flowing through the 
sub-expander, and to adjust an amount of refrigerant flowing 
through the expander such that the optimal COP can be obtained. 
Therefore, it is possible to efficiently recover power in the 
expander, and it is possible to convert the expansion power into 
electricity and recover the same by the electric generator also 
in the first sub-expander which pre-expands and the second 
sub-expander utilizing refrigerant which bypasses the expander, 
respectively. Further, it is possible to convert the expansion 
power of the first sub-expander and the second sub-expander into 
electricity and recover the same by the one electric generator. 

According to a seventeenth aspect of the present 
invention, the expander is provided at its discharge side with 
a first sub-expander, a second expander is provided in parallel 
to the expander and the first sub-expander, an electric 
generator connected to the first sub-expander is an electric 
generator connected to the second sub-expander, and the 
electric generator includes a clutch mechanism which is 
connected to one of the first sub-expander and the second 
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sub-expander* According to this aspect, by changing torque of 
the electric generator of the first sub-expander , it is possible 
to change an amount of additionally expanded refrigerant , and 
to optimally adjust a low pressure side pressure. Further, by 
changing torque of the electric generator of the second 
sub-expander, it is possible to change an amount of refrigerant 
flowing through the sub-expander, and to adjust an amount of 
refrigerant flowing through the expander such that the optimal 
COP can be obtained. Therefore, it is possible to efficiently 
recover power in the expander, and it is possible to convert 
the expansion power into electricity and recover the same by 
the electric generator also in the first sub-expander which 
pre-expands and the second sub-expander utilizing refrigerant 
which bypasses the expander, respectively. Further, it is 
possible to convert the expansion power of the first 
sub-expander and the second sub-expander into electricity and 
recover the same by the one electric generator. 

According to an eighteenth aspect of the present 
invention, in the tenth to seventeenth aspects, power recover 
by the expander can be used as power for driving the auxiliary 
compressor . 

According to a nineteenth aspect of the present invention, 
in the tenth to seventeenth aspects, there are provided a first 
four-way valve to which a discharge side pipe and the suction 
side pipe of the compressor are connected, and a second four-way 
valve to which the discharge side pipes and the suction side 
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pipes of the expander and the sub-expander are connected. 
Refrigerant discharged from the compressor is selectively 
allowed to flow into the indoor heat exchanger or the outdoor 
heat exchanger by the first four-way valve, a direction of 
refrigerant flowing through the expander and the sub-expander 
is always set in the same direction by the second four-way valve . 
With this structure, it is possible to utilize the tenth to 
seventeenth aspects as a cooling and heating air conditioner. 

According to a twentieth aspect of the present invention, 
in the eighteenth aspect, there are provided a first four-way 
valve to which the discharge side pipes and the suction side 
pipes of the auxiliary compressor and the compressor are 
connected, and a second four-way valve to which the discharge 
side pipes and suction side pipes of the expander and the 
sub-expander are connected. Refrigerant discharged from the 
compressor and the auxiliary compressor is allowed to flow into 
the indoor heat exchanger or outdoor heat exchanger by the first 
four-way valve, a direction of refrigerant flowing through the 
expander and the sub-expander is always set in the same 
direction by the second four-way valve. With this structure, 
it is possible to utilize the eighteenth aspect as a cooling 
and heating air conditioner. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows a structure of a heat pump type cooling and 

heating air conditioner according to an embodiment of the 

present invention . 
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Fig. 2 shows a structure of a heat pump type cooling and 
heating air conditioner according to another embodiment of the 
invention . 

Fig. 3 shows one example of a fixed density ratio at the 
time of cooling operation and heating operation in a charger 
mode in which a discharge side of an auxiliary compressor 
becomes a suction side of a compressor and in a 
super-pressurizing mode in which a discharge side of the 
compressor becomes a suction side of the auxiliary compressor. 

Fig. 4 shows a switching system between supercharging 
and super-pressurization and a comparison of optimal COP ratios 
of comparative example. 

Fig. 5 shows a relation between frequencies of the 
compressor and the auxiliary compressor when a cooling 
operation rated frequency of the auxiliary compressor is set 
to 37Hz which is the same as that of the compressor. 

Fig. 6 shows a structure of a heat pump type air 
conditioner according to another embodiment of the invention. 

Fig. 7 shows a structure of a heat pump type cooling and 
heating air conditioner according to another embodiment of the 
invention. 

Fig. 8 shows a structure of a heat pump type air 
conditioner according to another embodiment of the invention. 

Fig. 9 shows a structure of a heat pump type cooling and 
heating air conditioner according to another embodiment of the 
invention. 
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Fig. 10 shows a structure of a heat pump type air 
conditioner according to another embodiment of the invention. 

Fig. 11 shows a structure of a heat pump type cooling 
and heating air conditioner according to another embodiment of 
the invention. 

Fig. 12 shows a structure of a heat pump type air 
conditioner according to another embodiment of the invention. 

Fig. 13 shows a structure of a heat pump type cooling 
and heating air conditioner according to another embodiment of 
the invention. 

Fig. 14 shows a structure of a heat pump type air 
conditioner according to another embodiment of the invention. 

Fig. 15 shows a structure of a heat pump type cooling 
and heating air conditioner according to another embodiment of 
the invention. 

Fig. 16 shows a structure of a heat pump type air 
conditioner according to another embodiment of the invention. 

Fig. 17 shows a structure of a heat pump type cooling 
and heating air conditioner according to another embodiment of 
the invention. 

Fig. 18 shows a structure of a heat pump type air 
conditioner according to another embodiment of the invention. 

Fig. 19 shows a structure of a heat pump type cooling 
and heating air conditioner according to another embodiment of 
the invention. 



19 



Fig. 20 shows a structure of a heat pump type air 
conditioner according to another embodiment of the invention. 

Fig. 21 shows a structure of a heat pump type cooling 
and heating air conditioner according to another embodiment of 
the invention. 

Fig. 22 shows a structure of a heat pump type cooling 
and heating air conditioner according to another embodiment of 
the invention. 

Fig. 23 shows a structure of a heat pump type cooling 
and heating air conditioner according to another embodiment of 
the invention. 

Fig. 24 shows a structure of a heat pump type cooling 
and heating air conditioner according to another embodiment of 
the invention. 

Fig. 25 shows a structure of a heat pump type cooling 
and heating air conditioner according to another embodiment of 
the invention. 

Fig. 26 shows a structure of a heat pump type cooling 
and heating air conditioner according to another embodiment of 
the invention. 

Fig. 27 shows a structure of a heat pump type cooling 
and heating air conditioner according to another embodiment of 
the invention. 

Fig. 28 shows a structure of a heat pump type cooling 
and heating air conditioner according to another embodiment of 
the invention. 
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Fig. 29 shows a structure of a heat pump type cooling 
and heating air conditioner according to another embodiment of 
the invention. 

Fig. 30 shows a structure of a heat pump type cooling 
and heating air conditioner according to another embodiment of 
the invention. 

Fig. 31 shows a structure of a heat pump type cooling 
and heating air conditioner according to another embodiment of 
the invention. 

Fig. 32 shows a structure of a heat pump type cooling 
and heating air conditioner according to another embodiment of 
the invention. 

Fig. 33 shows a structure of a heat pump type cooling 
and heating air conditioner according to another embodiment of 
the invention. 

Fig. 34 shows a structure of a heat pump type cooling 
and heating air conditioner according to another embodiment of 
the invention. 

Fig. 35 shows a structure of a heat pump type cooling 
and heating air conditioner according to another embodiment of 
the invention. 

Fig. 36 shows a structure of a heat pump type cooling 
and heating air conditioner according to another embodiment of 
the invention. 
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Fig. 37 shows a structure of a heat pump type cooling 
and heating air conditioner according to another embodiment of 
the invention. 

Fig. 38 shows a structure of a heat pump type cooling 
and heating air conditioner according to another embodiment of 
the invention. 

Fig. 39 shows a structure of a heat pump type cooling 
and heating air conditioner according to another embodiment of 
the invention. 

Fig. 40 shows a structure of a heat pump type cooling 
and heating air conditioner according to another embodiment of 
the invention. 

Fig. 41 shows a structure of a heat pump type cooling 
and heating air conditioner according to another embodiment of 
the invention. 

Fig. 42 shows a structure of a heat pump type cooling 
and heating air conditioner according to another embodiment of 
the invention. 

Fig. 4 3 shows a structure of a heat pump type cooling 
and heating air conditioner according to another embodiment of 
the invention. 

Fig. 44 shows a structure of a heat pump type cooling 
and heating air conditioner according to another embodiment of 
the invention. 
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Fig. 45 shows a structure of a heat pump type cooling 
and heating air conditioner according to another embodiment of 
the invention . 

PREFERRED EMBODIMENTS 

A refrigeration cycle apparatus according to an 

embodiment of the present invention will be explained with 

reference to the drawing below based on a heat pump type cooling 

and heating air conditioner. 

Fig. 1 shows a structure of the heat pump type cooling 
and heating air conditioner of the present embodiment. 

As shown in Fig. 1, the heat pump type cooling and heating 
air conditioner of this embodiment uses C0 2 refrigerant as 
refrigerant, and has a refrigerant circuit. The refrigerant 
circuit comprises a compressor 1 having a motor 11, an outdoor 
heat exchanger 3, an expander 6, an indoor heat exchanger 8 and 
an auxiliary compressor 10 which are all connected to one 
another through pipes . 

The refrigerant circuit comprises a first four-way valve 
2 to which a discharge side pipe and a suction side pipe of the 
compressor 1 are connected, a second four-way valve 4 to which 
a discharge side pipe and a suction side pipe of the expander 
6 are connected, and a third four-way valve 9 to which a discharge 
side pipe and a suction side pipe of the auxiliary compressor 
10 are connected. In the case of refrigerant flow in which the 
outdoor heat exchanger 3 is used as a gas cooler and the indoor 
heat exchanger 8 is used as an evaporator, the first four-way 
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valve 2 and the third four-way valve 9 are switched over so that 
the discharge side of the auxiliary compressor 10 becomes the 
suction side of the compressor 1. In the case of refrigerant 
flow in which the outdoor heat exchanger 3 is used as the 
evaporator and the indoor heat exchanger 8 is used as the gas 
cooler, the first four-way valve 2 and the third four-way valve 
9 are switched over so that the discharge side of the compressor 
1 becomes the suction side of the auxiliary compressor 10. By 
switching the second four-way valve 4, a direction of the 
refrigerant flowing through the expander 6 becomes always the 
same direction. 

The expander 6 is provided at its inflow side with a 
pre-expansion valve 5 which can change an opening of the valve. 
A bypass circuit for bypassing the pre-expansion valve 5 and 
the expander 6 is provided. This bypass circuit is provided 
with a bypass valve 7 which adjusts a flow rate of refrigerant 
of the bypass circuit. 

A drive shaft of the expander 6 and a drive shaft of the 
auxiliary compressor 10 are connected to each other, and the 
auxiliary compressor 10 is driven by power recover by the 
expander 6. 

The operation of the heat pump type cooling and heating 
air conditioner of this embodiment will be explained below. 

First, a cooling operation mode in which the outdoor heat 
exchanger 3 is used as the gas cooler and the indoor heat 
exchanger 8 is used as the evaporator will be explained. A flow 
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of refrigerant in this cooling operation mode is shown with 
solid arrows in the drawings. 

Refrigerant at the time of the cooling operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 11. The refrigerant is introduced into the outdoor heat 
exchanger 3 through the first four-way valve 2 . In the outdoor 
heat exchanger 3, since C0 2 refrigerant is in a supercritical 
state, the refrigerant is not brought into two-phase state, and 
dissipates heat to outside fluid such as air and water. Then, 
the C0 2 refrigerant is introduced into the expander 6 through 
the second four-way valve 4 and the pre-expansion valve 5, and 
is expanded by the expander 6. At that time, an optimal amount 
of refrigerant flowing into the expander 6 is calculated from 
a high pressure refrigerant temperature and a high pressure 
refrigerant pressure detected on the side of an outlet of the 
outdoor heat exchanger 3. Openings of the pre-expansion valve 
5 and the bypass valve 7 are adjusted such that when a volume 
flow rate is greater than the calculated optimal refrigerant 
amount, the opening of the bypass valve 7 is increased to reduce 
the volume flow rate of refrigerant flowing into the expander 
6, and when the volume flow rate is smaller than the calculated 
optimal refrigerant amount, the opening of the pre-expansion 
valve 5 is reduced to increase the volume flow rate. The 
expanded C0 2 refrigerant passes through the second four-way 
valve 4, and is evaporated and suctions heat in the indoor heat 
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exchanger 8, A room is cooled by this endotherm. The 
refrigerant which has been evaporated is introduced into the 
auxiliary compressor 10 through the third four-way valve 9, and 
is supercharged by the auxiliary compressor 10 , and is drawn 
into the compressor 1 through the third four-way valve 9 and 
the first four-way valve 2. Energy at the time of expansion 
in the expander 6 is utilized for this charging of the auxiliary 
compressor 10, and power is recovered. 

Next, a heating operation mode in which the outdoor heat 
exchanger 3 is used as the evaporator and the indoor heat 
exchanger 8 is used as the gas cooler will be explained. In 
the drawings, a flow of refrigerant in this heating operation 
mode is shown with dashed arrows in the drawing. 

Refrigerant at the time of the heating operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 11. The refrigerant is introduced into the auxiliary 
compressor 10 through the first four-way valve 2 and the third 
four-way valve 9, and is further super-pressurized by the 
auxiliary compressor 10. The expansion energy in the expander 
6 is utilized for the super-pressurizing operation of the 
auxiliary compressor 10 and power is recovered. The 
super-pressurized refrigerant is introduced into the indoor 
heat exchanger 8 through the third four-way valve 9. In the 
indoor heat exchanger 8, since the refrigerant is not brought 
into two-phase state, and dissipates heat to outside fluid such 
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as air and water. Then, the C0 2 refrigerant is introduced into 
the expander 6 through the second four-way valve 4 and the 
pre-expansion valve 5, and is expanded by the expander 6. At 
that time, an optimal amount of refrigerant flowing into the 
expander 6 is calculated from a high pressure refrigerant 
temperature and a high pressure refrigerant pressure detected 
on the side of the outlet of the indoor heat exchanger 8. The 
openings of the pre-expansion valve 5 and the bypass valve 7 
are adjusted such that when the volume flow rate is greater than 
the calculated optimal refrigerant amount, the opening of the 
bypass valve 7 is increased to reduce the volume flow rate of 
refrigerant flowing into the expander 6, and when the volume 
flow rate is smaller than the calculated optimal refrigerant 
amount, the opening of the pre-expansion valve 5 is reduced to 
increase the volume flow rate. The expanded C0 2 refrigerant 
passes through the second four-way valve 4, and is evaporated 
and suctions heat in the outdoor heat exchanger 3. The 
refrigerant which has been evaporated is drawn into the 
compressor 1 through the first four-way valve 2. 

According to this embodiment, the compressor 1 which 
compresses the refrigerant, and the expander 6 which recovers 
power as well as the auxiliary compressor 10 are separated from 
each other, and the refrigeration cycle is switched such that 
the auxiliary compressor 10 carries out the supercharging 
operation at the time of the cooling operation mode and carries 
out the super-pressurizing operation at the time of the heating 
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operation mode. With this structure, it is possible to allow 
the expander 6 to operate as a supercharging type expander which 
is suitable for cooling, and as a super-pressurizing type 
expander which is suitable for heating. 

As described above, the embodiment can provide an air 
conditioner which recovers power using C0 2 refrigerant as a 
refrigerant in which the operation range is wide and 
refrigeration cycle operation can be carried out efficiently. 

In the heat pump type cooling and heating air conditioner 
of the embodiment, it is preferable that a suction capacity of 
the expander 6 is set to lcc, a suction capacity of the compressor 
1 is set to 4cc, and a suction capacity of the auxiliary 
compressor 10 is set to 4.3cc, and the suction capacity of the 
auxiliary compressor 10 is changed by a ratio of the suction 
capacity of the compressor 1 and the suction capacity of the 
auxiliary compressor 10. With this structure, it is possible 
to set the number of rotation of the expander 6 and the number 
of rotation of the compressor 1 (frequency in the case of the 
motor) at the time of cooling and heating operation 
substantially equally. 

In the structure of the suction capacity, if the mode 
is switched to the heating operation mode, it is possible to 
suppress the number of rotation of the auxiliary compressor 10 
to a value smaller than that of the compressor 1. For example, 
when a frequency of the compressor 1 is set to about 60Hz, the 
number of rotation of the auxiliary compressor 10 can be set 
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to about 40Hz. With this reduction in the number of rotation, 
it is possible to reduce the mechanical loss (sliding resistance 
and viscosity resistance) of the auxiliary compressor 10, and 
to enhance the operation efficiency. 

Next, a heat pump type cooling and heating air 
conditioner of another embodiment will be explained with 

reference to Fig. 2. 

Fig. 2 shows a structure of the heat pump type cooling 
and heating air conditioner of the second embodiment. 

As shown in Fig. 2, in the heat pump type cooling and 
heating air conditioner of the second embodiment, the second 
four-way valve 4 and the third four-way valve 9 in the previous 
embodiment shown in Fig. 1 are replaced by a first check valve 
bridge circuit 13 and a second check valve bridge circuit 15, 
respectively. Other structure is the same as that of the first 

embodiment shown in Fig. 1. 

The first check valve bridge circuit 13 comprises a set 
of four check valves 13a, 13b, 13c and 13b which are connected 
to one another. The second check valve bridge circuit 15 also 
comprises a set of four check valves 15a, 15b, 15c and 15b which 
are connected to one another. In the first check valve bridge 
circuit 13 for example, a refrigerant flows through the check 
valves 13a and 13c in a direction shown with solid arrows at 
the time of cooling operation, and flows through the check 
valves 13b and 13d in a direction shown with dashed arrows at 
the time of heating operation, and the first check valve bridge 
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circuit 13 exhibits the same function as the second four-way 
valve 4. 

As compared with the structure of the complicated 
semi-hermetical type four-way valve which needs the switching 
operation, the structure of the check valve of this embodiment 
is of complete-hermetical type which is simple, and it is 
preferable in terms of sealing reliability and control 
performance. Especially when a C0 2 refrigerant is used and 
pressure is increased to a high value up to a supercritical 
region, the check valve structure of the second embodiment is 
preferable, 

A refrigeration cycle apparatus of another embodiment 
of the present invention will be explained with reference to 
the drawing. 

Fig. 6 shows a structure of a heat pump type air 
conditioner of this embodiment. 

As shown in Fig. 6, the heat pump type air conditioner 
of the embodiment uses a C0 2 refrigerant as a refrigerant, and 
comprises a refrigerant circuit in which a compressor 1 having 
a motor 12, an outdoor heat exchanger 3, an expander 6 and an 
indoor heat exchanger 8 are connected to one another through 
pipes . 

A bypass circuit which bypasses the expander 6 is 
provided in parallel to the expander 6. The bypass circuit is 
provided with a sub-expander 21, and an electric generator 22 
is connected to a drive shaft of the sub-expander 21. 
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A drive shaft of the expander 6 and a drive shaft of the 
compressor 1 are connected to each other, and the compressor 
1 utilizes power recover by the expander 6 for driving. 

The operation of the heat pump type air conditioner of 
this embodiment will be explained below. 

A refrigerant is compressed at a high temperature and 
under a high pressure and is discharged by the compressor 1 which 
is driven by the motor 12. The refrigerant is introduced into 
the outdoor heat exchanger 3. In the outdoor heat exchanger 
3, since C0 2 refrigerant is in a supercritical state, the 
refrigerant is not brought into two-phase state, and dissipates 
heat to outside fluid such as air and water. Then, the C0 2 
refrigerant is introduced into the expander 6 and the 
sub-expander 21, and is expanded by the expander 6 or the 
sub-expander 21. Power recover by the expander 6 at the time 
of expanding operation is used for driving the compressor 1. 
At that time, an optimal amount of refrigerant flowing into the 
expander 6 is calculated from a high pressure refrigerant 
temperature and a high pressure refrigerant pressure detected 
on the side of an outlet of the outdoor heat exchanger 3. If 
the volume flow rate is greater than the calculated optimal 
refrigerant amount, torque of the electric generator 22 (load 
of electric generator) is reduced to increase the amount of 
refrigerant which is allowed to flow into the bypass circuit, 
thereby reducing the volume flow rate of refrigerant which flows 
into the expander 6. If the optimal amount of refrigerant 
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flowing into the expander 6 is smaller than the calculated 
optimal refrigerant amount, the torque of the electric 
generator 22 (load of the electric generator) is increased to 
reduce the amount of refrigerant which is allowed to flow into 
the bypass circuit, thereby increasing the volume flow rate of 
the refrigerant flowing into the expander 6. 

The C0 2 refrigerant expanded by the expander 6 and the 
sub-expander 21 is evaporated and suctions heat in the indoor 
heat exchanger 8. A room is cooled by this endotherm. The 
refrigerant which has been evaporated is drawn into the 
compressor 1. 

As described above, according to this embodiment, the 
torque of the electric generator 22 (i.e., load of the electric 
generator) connected to the sub-expander 21 is changed to adjust 
the amount of refrigerant flowing through the bypass circuit, 
thereby controlling the amount of refrigerant flowing through 
the expander 6. Therefore, it is possible to efficiently 
recover power in the expander 6. During the control of the flow 
rate of refrigerant through the bypass system, power recover 
from the sub-expander 21 is utilized for generating electricity 
of the electric generator 22, and it is possible to recover more 
power from the refrigeration cycle. 

A refrigeration cycle apparatus of another embodiment 
of the present invention will be explained with reference to 
the drawing based on a heat pump type cooling and heating air 
conditioner. 
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Fig, 7 shows a structure of the heat pump type cooling 
and heating air conditioner of this embodiment. 

As shown in Fig. 7 , the heat pump type cooling and heating 
air conditioner of this embodiment uses a CO2 refrigerant as 
a refrigerant , and comprises a refrigerant circuit in which a 
compressor 1 having a motor 12, an outdoor heat exchanger 3, 
an expander 6 and an indoor heat exchanger 8 are connected to 
one another through pipes. 

The refrigerant circuit comprises a first four-way valve 
2 to which a discharge side pipe and a suction side pipe of the 
compressor 1 are connected, and a second four-way valve 4 to 
which a discharge side pipe and a suction side pipe of the 
expander 6 are connected. 

A bypass circuit is provided in parallel to the expander 
6. The bypass circuit bypasses the expander 6. The bypass 
circuit is provided with a sub-expander 21. An electric 
generator 22 is connected to a drive shaft of the sub-expander 
21. The bypass circuit is also connected to the second four-way 
valve 4 like the expander 6. 

A drive shaft of the expander 6 and a drive shaft of the 
compressor 1 are connected to each other, and the compressor 
1 utilizes power recover by the expander 6 for driving. 

The operation of the heat pump type cooling and heating 
air conditioner of this embodiment will be explained. 

First, a cooling operation mode in which the outdoor heat 
exchanger 3 is used as a gas cooler and the indoor heat exchanger 
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8 is used as an evaporator will be explained. A flow of the 
refrigerant in the cooling operation mode is shown with solid 
arrows in the drawing. 

Refrigerant at the time of the cooling operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12. The refrigerant is introduced into the outdoor heat 
exchanger 3 through the first four-way valve 2. In the outdoor 
heat exchanger 3, since C0 2 refrigerant is in a supercritical 
state, the refrigerant is not brought into two-phase state, and 
dissipates heat to outside fluid such as air and water. Then, 
the C0 2 refrigerant is introduced into the expander 6 and the 
sub-expander 21 through the second four-way valve 4, and is 
expanded by the expander 6 or the sub-expander 21. Power 
recover by the expander 6 at the time of expanding operation 
is used for driving the compressor 1. At that time, an optimal 
amount of refrigerant flowing into the expander 6 is calculated 
from a high pressure refrigerant temperature and a high pressure 
refrigerant pressure detected on the side of an outlet of the 
outdoor heat exchanger 3. If the volume flow rate is greater 
than the calculated optimal refrigerant amount, torque of the 
electric generator 22 (load of electric generator) is reduced 
to increase the amount of refrigerant which is allowed to flow 
into the bypass circuit, thereby reducing the volume flow rate 
of refrigerant which flows into the expander 6. When the 
optimal amount of refrigerant flowing into the expander 6 is 
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smaller than the calculated optimal refrigerant amount, the 
torque of the electric generator 22 (load of the electric 
generator) is increased to reduce the amount of refrigerant 
which is allowed to flow into the bypass circuit, thereby 
increasing the volume flow rate of the refrigerant flowing into 
the expander 6. 

The C0 2 refrigerant expanded by the sub-expander 21 and 
the expander 6 is introduced into the indoor heat exchanger 8 
through the second four-way valve 4 and is evaporated and 
suctions heat in the indoor heat exchanger 8. A room is cooled 
by this endotherm. The refrigerant which has been evaporated 
is drawn into the compressor 1. 

Next, a heating operation mode in which the outdoor heat 
exchanger 3 is used as the evaporator and the indoor heat 
exchanger 8 is used as the gas cooler will be explained. A flow 
of a refrigerant in this heating operation mode is shown with 
dashed arrows in the drawing. 

Refrigerant at the time of the heating operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12. The refrigerant is introduced into the indoor heat 
exchanger 8 through the first four-way valve 2. In the indoor 
heat exchanger 8, since C0 2 refrigerant is in a supercritical 
state, the refrigerant is not brought into two-phase state, and 
dissipates heat to outside fluid such as air and water. A room 
is heated utilizing this radiation. Then, the CO2 refrigerant 
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is introduced into the expander 6 and the sub-expander 21 
through the second four-way valve 4, and is expanded by the 
expander 6 or the sub-expander 21. Power recover by the 
expander 6 at the time of expanding operation is used for driving 
the compressor 1. At that time, an optimal amount of 
refrigerant flowing into the expander 6 is calculated from a 
high pressure refrigerant temperature and a high pressure 
refrigerant pressure detected on the side of an outlet of the 
indoor heat exchanger 8* If the volume flow rate is greater 
than the calculated optimal refrigerant amount, torque of the 
electric generator 22 (load of electric generator) is reduced 
to increase the amount of refrigerant which is allowed to flow 
into the bypass circuit, thereby reducing the volume flow rate 
of refrigerant which flows into the expander 6. When the 
optimal amount of refrigerant flowing into the expander 6 is 
smaller than the calculated optimal refrigerant amount, the 
torque of the electric generator 22 (load of the electric 
generator) is increased to reduce the amount of refrigerant 
which is allowed to flow into the bypass circuit, thereby 
increasing the volume flow rate of the refrigerant flowing into 
the expander 6. 

The C0 2 refrigerant expanded by the expander 6 and the 
sub-expander 21 is introduced into the outdoor heat exchanger 
3 through the second four-way valve 4 and is evaporated and 
suctions heat in the outdoor heat exchanger 3. The refrigerant 
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which has been evaporated is drawn into the compressor 1 through 
the first four-way valve 2. 

As described above, according to this embodiment, the 
torque of the electric generator 22 (i.e. , load of the electric 
generator) connected to the sub-expander 21 is changed to adjust 
the amount of refrigerant flowing through the bypass circuit, 
thereby controlling the amount of refrigerant flowing through 
the expander 6. Therefore, it is possible to efficiently 
recover power in the expander 6. During the control of the flow 
rate of refrigerant through the bypass system, power recover 
from the sub-expander 21 is utilized for generating electricity 
of the electric generator 22, and it is possible to recover more 
power from the refrigeration cycle. 

A refrigeration cycle apparatus of another embodiment 
of the present invention will be explained with reference the 
drawing . 

Fig. 8 shows a structure of a heat pump type air 
conditioner of this embodiment. 

As shown in Fig. 6, the heat pump type air conditioner 
of the embodiment uses a CO2 refrigerant as a refrigerant, and 
comprises a refrigerant circuit in which a compressor 1 having 
a motor 12, an outdoor heat exchanger 3, an expander 6 and an 
indoor heat exchanger 8 are connected to one another through 
pipes . 
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The expander 6 is provided at its inflow side with a 
sub-expander 23, and an electric generator 24 is connected to 
a drive shaft of the sub-expander 23. 

A drive shaft of the expander 6 and a drive shaft of the 
compressor 1 are connected to each other, and the compressor 
1 utilizes power recover by the expander 6 for driving. 

The operation of the heat pump type air conditioner of 
this embodiment will be explained below. 

A refrigerant is compressed at a high temperature and 
under a high pressure and is discharged by the compressor 1 which 
is driven by the motor 12. The refrigerant is introduced into 
the outdoor heat exchanger 3. In the outdoor heat exchanger 
3, since C0 2 refrigerant is in a supercritical state, the 
refrigerant is not brought into two-phase state, and dissipates 
heat to outside fluid such as air and water. Then, the C0 2 
refrigerant is introduced into the sub-expander 23 and the 
expander 6, and is expanded by the sub-expander 23 and the 
expander 6. Power recover by the expander 6 at the time of 
expanding operation is used for driving the compressor 1. At 
that time, an optimal amount of refrigerant flowing into the 
expander 6 is calculated from a high pressure refrigerant 
temperature and a high pressure refrigerant pressure detected 
on the side of an outlet of the outdoor heat exchanger 3. If 
the optimal amount of refrigerant flowing into the expander 6 
is smaller than the calculated optimal refrigerant amount, the 
torque of the electric generator 24 (load of the electric 
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generator) is increased to increase the high pressure side 
pressure, thereby increasing the volume flow rate of the 
refrigerant flowing into the expander 6. If the volume flow 
rate is greater than the calculated optimal refrigerant amount, 
torque of the electric generator 24 (load of electric generator) 
is reduced to reduce the high pressure side pressure, thereby 
reducing the volume flow rate of refrigerant which flows into 

the expander 6. 

The C0 2 refrigerant expanded by the expander 6 and the 
sub-expander 23 is evaporated and suctions heat in the indoor 
heat exchanger 8. A room is cooled by this endotherm. The 
refrigerant which has been evaporated is drawn into the 
compressor 1. 

As described above, according to this embodiment, the 
torque of the electric generator 24 (i.e., load of the electric 
generator) connected to the sub-expander 23 is changed to adjust 
the amount of high pressure side pressure, thereby controlling 
the amount of refrigerant flowing through the expander 6. 
Therefore, it is possible to efficiently recover power in the 
expander 6, power recover from the sub-expander 23 is utilized 
for generating electricity of the electric generator 24, and 
it is possible to recover more power from the refrigeration 
cycle . 

A refrigeration cycle apparatus of another embodiment 
of the present invention will be explained with reference to 
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the drawing based on a heat pump type cooling and heating air 
conditioner. 

Fig. 9 shows a structure of the heat pump type cooling 
and heating air conditioner of this embodiment. 

As shown in Fig. 9, the heat pump type cooling and heating 
air conditioner of this embodiment uses a CO2 refrigerant as 
a refrigerant, and comprises a refrigerant circuit in which a 
compressor 1 having a motor 12, an outdoor heat exchanger 3, 
an expander 6 and an indoor heat exchanger 8 are connected to 
one another through pipes. 

The expander 6 is provided at its inflow side with a 
sub-expander 23, and an electric generator 24 is connected to 
a drive shaft of the sub-expander 23. 

A drive shaft of the expander 6 and a drive shaft of the 
compressor 1 are connected to each other, and the compressor 

1 utilizes power recover by the expander 6 for driving. 

The refrigerant circuit comprises a first four-way valve 

2 to which a discharge side pipe and a suction side pipe of the 
compressor 1 are connected, and a second four-way valve 4 to 
which a suction side pipe of the sub-expander 23 and a discharge 
side pipe of the expander 6 are connected. 

The operation of the heat pump type cooling and heating 
air conditioner of this embodiment will be explained. 

First, a cooling operation mode in which the outdoor heat 
exchanger 3 is used as a gas cooler and the indoor heat exchanger 
8 is used as an evaporator will be explained. A flow of the 
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refrigerant in the cooling operation mode is shown with solid 
arrows in the drawing. 

Refrigerant at the time of the cooling operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12. The refrigerant is introduced into the outdoor heat 
exchanger 3 through the first four-way valve 2. In the outdoor 
heat exchanger 3, since CO2 refrigerant is in a supercritical 
state, the refrigerant is not brought into two-phase state, and 
dissipates heat to outside fluid such as air and water. Then, 
the C0 2 refrigerant is introduced into the expander 6 and the 
sub-expander 21 through the second four-way valve 4, and is 
expanded by the expander 6 or the sub-expander 21. Power 
recover by the expander 6 at the time of expanding operation 
is used for driving the compressor 1. At that time, an optimal 
amount of refrigerant flowing into the expander 6 is calculated 
from a high pressure refrigerant temperature and a high pressure 
refrigerant pressure detected on the side of an outlet of the 
outdoor heat exchanger 3. If the optimal amount of refrigerant 
flowing into the expander 6 is smaller than the calculated 
optimal refrigerant amount, the torque of the electric 
generator 24 (load of the electric generator) is increased to 
increase the high pressure side pressure, thereby increasing 
the volume flow rate of the refrigerant flowing into the 
expander 6. If the volume flow rate is greater than the 
calculated optimal refrigerant amount, torque of the electric 
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generator 24 (load of electric generator) is reduced to reduce 
the high pressure side pressure, thereby reducing the volume 
flow rate of refrigerant which flows into the expander 6. 

The C0 2 refrigerant expanded by the sub-expander 23 and 
the expander 6 is introduced into the indoor heat exchanger 8 
through the second four-way valve 4 and is evaporated and 
suctions heat in the indoor heat exchanger 8. A room is cooled 
by this endotherm. The refrigerant which has been evaporated 
is drawn into the compressor 1. 

Next, a heating operation mode in which the outdoor heat 
exchanger 3 is used as the evaporator and the indoor heat 
exchanger 8 is used as the gas cooler will be explained. A flow 
of a refrigerant in this heating operation mode is shown with 
dashed arrows in the drawing. 

Refrigerant at the time of the heating operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12. The refrigerant is introduced into the indoor heat 
exchanger 8 through the first four-way valve 2. In the indoor 
heat exchanger 8, since CO2 refrigerant is in a supercritical 
state, the refrigerant is not brought into two-phase state, and 
dissipates heat to outside fluid such as air and water. A room 
is heated utilizing this radiation. Then, the C0 2 refrigerant 
is introduced into the sub-expander 23 and the expander 6 
through the second four-way valve 4, and is expanded by the 
sub-expander 23 and the expander 6. Power recover by the 
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expander 6 at the time of expanding operation is used for driving 
the compressor 1. At that time, an optimal amount of 
refrigerant flowing into the expander 6 is calculated from a 
high pressure refrigerant temperature and a high pressure 
refrigerant pressure detected on the side of an outlet of the 
outdoor heat exchanger 3. If the optimal amount of refrigerant 
flowing into the expander 6 is smaller than the calculated 
optimal refrigerant amount, the torque of the electric 
generator 24 (load of the electric generator) is increased to 
increase the high pressure side pressure, thereby increasing 
the volume flow rate of the refrigerant flowing into the 
expander 6. If the volume flow rate is greater than the 
calculated optimal refrigerant amount, torque of the electric 
generator 24 (load of electric generator) is reduced to reduce 
the high pressure side pressure, thereby reducing the volume 
flow rate of refrigerant which flows into the expander 6. 

The C0 2 refrigerant expanded by the sub-expander 23 and 
the expander 6 is evaporated and suctions heat in the outdoor 
heat exchanger 3. The refrigerant which has been evaporated 
is drawn into the compressor 1 through the first four-way valve 
2. 

As described above, according to this embodiment, the 
torque of the electric generator 24 (i.e. , load of the electric 
generator) connected to the sub-expander 23 is changed to adjust 
the amount of high pressure side pressure, thereby controlling 
the amount of refrigerant flowing through the expander 6. 
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Therefore, it is possible to efficiently recover power in the 
expander 6, power recover from the sub-expander 23 is utilized 
for generating electricity of the electric generator 24 , and 
it is possible to recover more power from the refrigeration 
cycle. 

A refrigeration cycle apparatus of another embodiment 
of the present invention will be explained with reference to 
the drawing. 

Fig. 10 shows a structure of the heat pump type air 
conditioner of this embodiment. 

As shown in Fig. 10 , the heat pump type air conditioner 
of this embodiment uses a CO2 refrigerant as a refrigerant, and 
comprises a refrigerant circuit in which a compressor 1 having 
a motor 12, an outdoor heat exchanger 3, an expander 6 and an 
indoor heat exchanger 8 are connected to one another through 
pipes . 

The expander 6 is provided at its discharge side with 
a sub-expander 23, and an electric generator 24 is connected 
to a drive shaft of the sub-expander 23. 

A drive shaft of the expander 6 and a drive shaft of the 
compressor 1 are connected to each other, and the compressor 
1 utilizes power recover by the expander 6 for driving. 

The operation of the heat pump type air conditioner of 
the embodiment will be explained below. 

A refrigerant is compressed at a high temperature and 
under a high pressure and is discharged by the compressor 1 which 
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is driven by the motor 12. The refrigerant is introduced into 
the outdoor heat exchanger 3. In the outdoor heat exchanger 
3, since C0 2 refrigerant is in a supercritical state, the 
refrigerant is not brought into two-phase state, and dissipates 
heat to outside fluid such as air and water. Then, the C0 2 
refrigerant is introduced into the expander 6 and the 
sub-expander 23, and is expanded by the expander 6 and the 
sub-expander 23. Power recover by the expander 6 at the time 
of expanding operation is used for driving the compressor 1. 
At that time, an optimal amount of refrigerant flowing into the 
expander 6 is calculated from a high pressure refrigerant 
temperature and a high pressure refrigerant pressure detected 
on the side of an outlet of the outdoor heat exchanger 3. If 
the optimal amount of refrigerant flowing into the expander 6 
is smaller than the calculated optimal refrigerant amount, the 
torque of the electric generator 22 (load of the electric 
generator) is increased to reduce the low pressure side pressure, 
thereby increasing the volume flow rate of the refrigerant 
flowing into the expander 6. If the volume flow rate is greater 
than the calculated optimal refrigerant amount, torque of the 
electric generator 22 (load of electric generator) is reduced 
to increase the low pressure side pressure, thereby reducing 
the volume flow rate of refrigerant which flows into the 
expander 6. 

The C0 2 refrigerant expanded by the sub-expander 23 and 
the expander 6 is evaporated and suctions heat in the indoor 
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heat exchanger 8. A room is cooled by this endotherm. The 
refrigerant which has been evaporated is drawn into the 
compressor 1. 

As described above, according to this embodiment, the 
torque of the electric generator 22 (i.e. , load of the electric 
generator) connected to the sub-expander 23 is changed to adjust 
the amount of low pressure side pressure, thereby controlling 
the amount of refrigerant flowing through the expander 6. 
Therefore, it is possible to efficiently recover power in the 
expander 6, power recover from the sub-expander 23 is utilized 
for generating electricity of the electric generator 24, and 
it is possible to recover more power from the refrigeration 
cycle . 

A refrigeration cycle apparatus of another embodiment 
of the present invention will be explained with reference to 
the drawing based on a heat pump type cooling and heating air 
conditioner. 

Fig. 11 shows a structure of the heat pump type cooling 
and heating air conditioner of this embodiment. 

As shown in Fig. 11, the heat pump type cooling and heating 
air conditioner of this embodiment uses a CO2 refrigerant as 
a refrigerant, and comprises a refrigerant circuit in which a 
compressor 1 having a motor 12, an outdoor heat exchanger 3, 
an expander 6 and an indoor heat exchanger 8 are connected to 
one another through pipes. 
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The expander 6 is provided at its discharge side with 
a sub-expander 23 , and an electric generator 24 is connected 
to a drive shaft of the sub-expander 23. 

A drive shaft of the expander 6 and a drive shaft of the 
compressor 1 are connected to each other, and the compressor 

1 utilizes power recover by the expander 6 for driving. 

The refrigerant circuit comprises a first four-way valve 

2 to which a discharge side pipe and a suction side pipe of the 
compressor 1 are connected, and a second four-way valve 4 to 
which a discharge side pipe of the sub-expander 23 and a suction 
side pipe of the expander 6 are connected. 

The operation of the heat pump type cooling and heating 
air conditioner of this embodiment will be explained. 

First, a cooling operation mode in which the outdoor heat 
exchanger 3 is used as a gas cooler and the indoor heat exchanger 
8 is used as an evaporator will be explained. A flow of the 
refrigerant in the cooling operation mode is shown with solid 
arrows in the drawing. 

Refrigerant at the time of the cooling operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12. The refrigerant is introduced into the outdoor heat 
exchanger 3 through the first four-way valve 2. In the outdoor 
heat exchanger 3, since CO2 refrigerant is in a supercritical 
state, the refrigerant is not brought into two-phase state, and 
dissipates heat to outside fluid such as air and water. Then, 
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the C0 2 refrigerant is introduced into the expander 6 and the 
sub-expander 23 through the second four-way valve 4, and is 
expanded by the expander 6 and the sub-expander 23. Power 
recover by the expander 6 at the time of expanding operation 
is used for driving the compressor 1. At that time, an optimal 
amount of refrigerant flowing into the expander 6 is calculated 
from a high pressure refrigerant temperature and a high pressure 
refrigerant pressure detected on the side of an outlet of the 
outdoor heat exchanger 3. If the optimal amount of refrigerant 
flowing into the expander 6 is smaller than the calculated 
optimal refrigerant amount, the torque of the electric 
generator 22 (load of the electric generator) is increased to 
reduce the low pressure side pressure, thereby increasing the 
volume flow rate of the refrigerant flowing into the expander 
6. If the volume flow rate is greater than the calculated 
optimal refrigerant amount, torque of the electric generator 
22 (load of electric generator) is reduced to increase the low 
pressure side pressure, thereby reducing the volume flow rate 
of refrigerant which flows into the expander 6. 

The C0 2 refrigerant expanded by the expander 6 and the 
sub-expander 23 is introduced into the indoor heat exchanger 
8 through the second four-way valve 4 and is evaporated and 
suctions heat in the indoor heat exchanger 8, A room is cooled 
by this endotherm. The refrigerant which has been evaporated 
is drawn into the compressor 1. 
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Next, a heating operation mode in which the outdoor heat 
exchanger 3 is used as the evaporator and the indoor heat 
exchanger 8 is used as the gas cooler will be explained. A flow 
of a refrigerant in this heating operation mode is shown with 
dashed arrows in the drawing. 

Refrigerant at the time of the heating operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12. The refrigerant is introduced into the indoor heat 
exchanger 8 through the first four-way valve 2. In the indoor 
heat exchanger 8, since CO2 refrigerant is in a supercritical 
state, the refrigerant is not brought into two-phase state, and 
dissipates heat to outside fluid such as air and water. A room 
is heated utilizing this radiation. Then, the C0 2 refrigerant 
is introduced into the expander 6 and the sub-expander 23 
through the second four-way valve 4, and is expanded by the 
expander 6 or the sub-expander 23. Power recover by the 
expander 6 at the time of expanding operation is used for driving 
the compressor 1. At that time, an optimal amount of 
refrigerant flowing into the expander 6 is calculated from a 
high pressure refrigerant temperature and a high pressure 
refrigerant pressure detected on the side of an outlet of the 
outdoor heat exchanger 3. If the optimal amount of refrigerant 
flowing into the expander 6 is smaller than the calculated 
optimal refrigerant amount, the torque of the electric 
generator 22 (load of the electric generator) is increased to 
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reduce the low pressure side pressure, thereby increasing the 
volume flow rate of the refrigerant flowing into the expander 
6. If the volume flow rate is greater than the calculated 
optimal refrigerant amount, torque of the electric generator 
22 (load of electric generator) is reduced to increase the low 
pressure side pressure, thereby reducing the volume flow rate 
of refrigerant which flows into the expander 6. 

The C0 2 refrigerant expanded by the expander 6 and the 
sub-expander 23 is evaporated and suctions heat in the outdoor 
heat exchanger 3. The refrigerant which has been evaporated 
is drawn into the compressor 1 through the first four-way valve 
2. 

As described above, according to this embodiment, the 
torque of the electric generator 22 (i.e. , load of the electric 
generator) connected to the sub-expander 23 is changed to adjust 
the amount of low pressure side pressure, thereby controlling 
the amount of refrigerant flowing through the expander 6. 
Therefore, it is possible to efficiently recover power in the 
expander 6, power recover from the sub-expander 23 is utilized 
for generating electricity of the electric generator 24, and 
it is possible to recover more power from the refrigeration 
cycle . 

A refrigeration cycle apparatus of another embodiment 
of the present invention will be explained with reference to 
the drawing. 
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Fig. 12 shows a structure of the heat pump type air 
conditioner of this embodiment. 

As shown in Fig. 12 , the heat pump type air conditioner 
of this embodiment uses a C0 2 refrigerant as a refrigerant, and 
comprises a refrigerant circuit in which a compressor 1 having 
a motor 12, an outdoor heat exchanger 3, an expander 6 and an 
indoor heat exchanger 8 are connected to one another through 
pipes . 

The expander 6 is provided at its inflow side with a 
sub-expander 23, and an electric generator 24 is connected to 
a drive shaft of the sub-expander 23. 

A bypass circuit which bypasses the sub-expander 23 and 
the expander 6 is provided in parallel to the sub-expander 23 
and the expander 6. The bypass circuit is provided with a 
sub-expander 21, and an electric generator 22 is connected to 
a drive shaft of the sub-expander 21. 

A drive shaft of the expander 6 and a drive shaft of the 
compressor 1 are connected to each other, and the compressor 
1 utilizes power recover by the expander 6 for driving. 

The operation of the heat pump type air conditioner of 
the embodiment will be explained below. 

A refrigerant is compressed at a high temperature and 
under a high pressure and is discharged by the compressor 1 which 
is driven by the motor 12. The refrigerant is introduced into 
the outdoor heat exchanger 3. In the outdoor heat exchanger 
3, since CO2 refrigerant is in a supercritical state, the 
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refrigerant is not brought into two-phase state, and dissipates 
heat to outside fluid such as air and water. Then, the C0 2 
refrigerant is introduced into the sub-expander 23, the 
expander 6 and the sub-expander 21, and is expanded by the 
sub-expander 23, the expander 6 and the sub-expander 21. Power 
recover by the expander 6 at the time of expanding operation 
is used for driving the compressor 1. At that time, an optimal 
amount of refrigerant flowing into the expander 6 is calculated 
from a high pressure refrigerant temperature and a high pressure 
refrigerant pressure detected on the side of an outlet of the 
outdoor heat exchanger 3. If the volume flow rate is greater 
than the calculated optimal refrigerant amount, torque of the 
electric generator 22 (load of the electric generator) is 
reduced to increase the amount of refrigerant which is allowed 
to flow through the bypass circuit, thereby reducing the volume 
flow rate of refrigerant flowing into the expander 6. If the 
volume flow rate is smaller than the calculated optimal 
refrigerant amount, torque of the electric generator 24 (load 
of the electric generator) is increased to increase the high 
pressure side pressure, thereby increasing the volume flow rate 
of refrigerant flowing into the expander 6. 

The C0 2 refrigerant expanded by the sub-expander 23 and 
the expander 6, or the C0 2 refrigerant expanded by the 
sub-expander 21 is evaporated and suctions heat in the indoor 
heat exchanger 8. A room is cooled by this endotherm. The 
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refrigerant which has been evaporated is drawn into the 
compressor 1. 

As described above, according to this embodiment, by 
changing torque of the electric generator 22 connected to the 
sub-expander 21 (load of the electric generator) and adjusting 
the amount of refrigerant flowing through the bypass circuit, 
it is possible to control the amount of refrigerant flowing into 
the expander 6. Further, by changing torque of the electric 
generator 24 connected to the sub-expander 23 (load of the 
electric generator) and adjusting the high pressure side 
pressure, it is possible to control the amount of refrigerant 
flowing into the expander 6. Therefore, it is possible to 
efficiently recover power in the expander 6, power recover from 
the sub-expander 21 and the sub-expander 23 is utilized for 
generating electricity of the electric generators 22 and 24, 
and it is possible to recover more power from the refrigeration 
cycle . 

A refrigeration cycle apparatus of another embodiment 
of the present invention will be explained with reference to 
the drawing based on a heat pump type cooling and heating air 
conditioner. 

Fig. 13 shows a structure of the heat pump type cooling 
and heating air conditioner of this embodiment. 

As shown in Fig. 13, the heat pump type cooling and heating 
air conditioner of this embodiment uses a C0 2 refrigerant as 
a refrigerant, and comprises a refrigerant circuit in which a 
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compressor 1 having a motor 12, an outdoor heat exchanger 3, 
an expander 6 and an indoor heat exchanger 8 are connected to 
one another through pipes. 

The expander 6 is provided at its inflow side with a 
sub-expander 23, and an electric generator 24 is connected to 
a drive shaft of the sub-expander 23. 

A bypass circuit which bypasses the sub-expander 23 and 
the expander 6 is provided in parallel to the sub-expander 23 
and the expander 6. The bypass circuit is provided with a 
sub-expander 21, and an electric generator 22 is connected to 
a drive shaft of the sub-expander 21. The bypass circuit is 
connected to the second four-way valve 4 like the sub-expander 
23 and the expander 6. 

A drive shaft of the expander 6 and a drive shaft of the 
compressor 1 are connected to each other, and the compressor 

1 utilizes power recover by the expander 6 for driving. 

The refrigerant circuit includes a first four-way valve 

2 to which a discharge side pipe and a suction side pipe of the 
compressor 1 are connected, and a second four-way valve 4 to 
which a suction side pipe of the sub-expander 23, a discharge 
side pipe of the expander 6 and the bypass circuit are connected. 

The operation of the heat pump type cooling and heating 
air conditioner of this embodiment will be explained. 

First, a cooling operation mode in which the outdoor heat 
exchanger 3 is used as a gas cooler and the indoor heat exchanger 
8 is used as an evaporator will be explained. A flow of the 
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refrigerant in the cooling operation mode is shown with solid 

arrows in the drawing. 

Refrigerant at the time of the cooling operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12. The refrigerant is introduced into the outdoor heat 
exchanger 3 through the first four-way valve 2 . In the outdoor 
heat exchanger 3, since C0 2 refrigerant is in a supercritical 
state, the refrigerant is not brought into two-phase state, and 
dissipates heat to outside fluid such as air and water. Then, 
the C0 2 refrigerant is introduced into the sub-expander 23, the 
expander 6 and the sub-expander 21, and is expanded by the 
sub-expander 23, the expander 6 and the sub-expander 21. Power 
recover by the expander 6 at the time of expanding operation 
is used for driving the compressor 1. At that time, an optimal 
amount of refrigerant flowing into the expander 6 is calculated 
from a high pressure refrigerant temperature and a high pressure 
refrigerant pressure detected on the outlet side of the outdoor 
heat exchanger 3. If the volume flow rate is greater than the 
calculated optimal refrigerant amount, torque of the electric 
generator 22 (load of the electric generator) is reduced to 
increase the amount of refrigerant which is allowed to flow into 
the bypass circuit, thereby reducing the volume flow rate of 
refrigerant flowing into the expander 6. If the volume flow 
rate is smaller than the calculated optimal refrigerant amount, 
torque of the electric generator 24 (load of the electric 
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generator) is increased to increase the high pressure side 
pressure, thereby increasing the volume flow rate of 
refrigerant flowing into the expander 6. 

The C0 2 refrigerant expanded by the sub-expander 23 and 
the expander 6, or the C0 2 refrigerant expanded by the 
sub-expander 21 is introduced to the indoor heat exchanger 8 
through the second four-way valve 4, and is evaporated and 
suctions heat in the indoor heat exchanger 8. A room is heated 
utilizing this radiation. The refrigerant which has been 
evaporated is drawn into the compressor 1. 

Next, a heating operation mode in which the outdoor heat 
exchanger 3 is used as the evaporator and the indoor heat 
exchanger 8 is used as the gas cooler will be explained. A flow 
of a refrigerant in this heating operation mode is shown with 
dashed arrows in the drawing. 

Refrigerant at the time of the heating operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12. The refrigerant is introduced into the indoor heat 
exchanger 8 through the first four-way valve 2. In the indoor 
heat exchanger 8, since C0 2 refrigerant is in a supercritical 
state, the refrigerant is not brought into two-phase state, and 
dissipates heat to outside fluid such as air and water. A room 
is heated utilizing this radiation. Then, the C0 2 refrigerant 
is introduced into the sub-expander 23, the expander 6, and the 
sub-expander 21, and is expanded by the sub-expander 23, the 
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expander 6, and the sub-expander 21. Power recover by the 
expander 6 at the time of expanding operation is used for driving 
the compressor 1. At that time, an optimal amount of 
refrigerant flowing into the expander 6 is calculated from a 
high pressure refrigerant temperature and a high pressure 
refrigerant pressure detected on the side of an outlet of the 
indoor heat exchanger 8- If the volume flow rate is greater 
than the calculated optimal refrigerant amount, torque of the 
electric generator 22 (load of the electric generator) is 
reduced to increase the amount of refrigerant which is allowed 
to flow into the bypass circuit, thereby reducing the volume 
flow rate of refrigerant flowing into the expander 6. If the 
volume flow rate is smaller than the calculated optimal 
refrigerant amount, torque of the electric generator 24 (load 
of the electric generator) is increased to increase the high 
pressure side pressure, thereby increasing the volume flow rate 
of refrigerant flowing into the expander 6. 

The C0 2 refrigerant expanded by the sub-expander 23 and 
the expander 6, or the C0 2 refrigerant expanded by the 
sub-expander 21 is introduced to the outdoor heat exchanger 3 
through the second four-way valve 4, and is evaporated and 
suctions heat in the outdoor heat exchanger 3. The refrigerant 
which has been evaporated is drawn into the compressor 1 through 
the first four-way valve 2. 

As described above, according to this embodiment, by 
changing torque of the electric generator 22 connected to the 
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sub-expander 21 (load of the electrlo generator, and adjusting 
the amount of refrigerant flowing through the bypass circuit, 
it is possible to control the amount of refrigerant flowing into 
the expander 6. Further, by changing torgue of the electric 
generator 24 connected to the sub-expander 23 (load of the 
electric generator) and adjusting the high pressure side 
pressure, it is possible to control the amount of refrigerant 
flowing into the expander 6. Therefore, it is possible to 
efficiently recover power in the expander 6, power recover from 
the sub-expander 21 and the sub-expander 23 is utilized for 
generating electricity of the electric generators 22 and 24, 
and it is possible to recover more power from the refrigeration 
cycle . 

A refrigeration cycle apparatus of another embodiment 
of the present invention will be explained with reference to 
the drawing. 

Fig. 14 shows a structure of the heat pump type air 
conditioner of this embodiment. 

As shown in Fig. 14. the heat pump type air conditioner 
of this embodiment uses a C0 2 refrigerant as a refrigerant, and 
comprises a refrigerant circuit in which a compressor 1 having 
a motor 12, an outdoor heat exchanger 3, an expander 6 and an 
indoor heat exchanger 8 are connected to one another through 
pipes . 
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The expander 6 is provided at its inflow side with a 
sub-expander 23 , and an electric generator 24 is connected to 
a drive shaft of the sub-expander 23. 

A bypass circuit which bypasses the sub-expander 23 and 
the expander 6 is provided in parallel to the sub-expander 23 
and the expander 6. The bypass circuit is provided with a bypass 
valve 7. 

A drive shaft of the expander 6 and a drive shaft of the 
compressor 1 are connected to each other, and the compressor 
1 utilizes power recover by the expander 6 for driving. 

The operation of the heat pump type air conditioner of 
the embodiment will be explained below. 

A refrigerant is compressed at a high temperature and 
under a high pressure and is discharged by the compressor 1 which 
is driven by the motor 12. The refrigerant is introduced into 
the outdoor heat exchanger 3. In the outdoor heat exchanger 
3, since C0 2 refrigerant is in a supercritical state, the 
refrigerant is not brought into two-phase state, and dissipates 
heat to outside fluid such as air and water. Then, the C0 2 
refrigerant is introduced into the sub-expander 23 and the 
expander 6, and is expanded by the sub-expander 23 and the 
expander 6. Power recover by the expander 6 at the time of 
expanding operation is used for driving the compressor 1. At 
that time, an optimal amount of refrigerant flowing into the 
expander 6 is calculated from a high pressure refrigerant 
temperature and a high pressure refrigerant pressure detected 
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on the side of an outlet of the outdoor heat exchanger 3. If 
the volume flow rate is greater than the calculated optimal 
refrigerant amount, the opening of the bypass valve 7 is 
increased to increase the amount of refrigerant which is allowed 
to flow into the bypass circuit, thereby reducing the volume 
flow rate of refrigerant flowing into the expander 6. If the 
volume flow rate is smaller than the calculated optimal 
refrigerant amount, torque of the electric generator 24 (load 
of the electric generator) is increased to increase the high 
pressure side pressure, thereby increasing the volume flow rate 
of refrigerant flowing into the expander 6. 

The C0 2 refrigerant expanded by the sub-expander 23 and 
the expander 6 is evaporated and suctions heat in the indoor 
heat exchanger 8. A room is cooled by this endotherm. The 
refrigerant which has been evaporated is drawn into the 
compressor 1. 

As described above, according to this embodiment, by 
changing the opening of the bypass valve 7 and adjusting the 
amount of refrigerant flowing through the bypass circuit, it 
is possible to control the amount of refrigerant flowing into 
the expander 6. Further, by changing torque of the electric 
generator 24 connected to the sub-expander 23 (load of the 
electric generator) and adjusting the high pressure side 
pressure, it is possible to control the amount of refrigerant 
flowing into the expander 6- Therefore, it is possible to 
efficiently recover power in the expander 6, power recover from 
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the sub-expander 23 is utilized for generating electricity of 
the electric generators 22 and 24 , and it is possible to recover 
more power from the refrigeration cycle. 

A refrigeration cycle apparatus of another embodiment 
of the present invention will be explained with reference to 
the drawing based on a heat pump type cooling and heating air 
conditioner . 

Fig. 15 shows a structure of the heat pump type cooling 
and heating air conditioner of this embodiment. 

As shown in Fig. 15, the heat pump type cooling and heating 
air conditioner of this embodiment uses a C0 2 refrigerant as 
a refrigerant, and comprises a refrigerant circuit in which a 
compressor 1 having a motor 12, an outdoor heat exchanger 3, 
an expander 6 and an indoor heat exchanger 8 are connected to 
one another through pipes. 

The expander 6 is provided at its inflow side with a 
sub-expander 23, and an electric generator 24 is connected to 
a drive shaft of the sub-expander 23. 

A bypass circuit which bypasses the sub-expander 23 and 
the expander 6 is provided in parallel to the sub-expander 23 
and the expander 6. The bypass circuit is provided with a bypass 
valve 7 . The bypass circuit is connected to the second four-way 
valve 4 like the sub-expander 23 and the expander 6. 

A drive shaft of the expander 6 and a drive shaft of the 
compressor 1 are connected to each other, and the compressor 
1 utilizes power recover by the expander 6 for driving. 
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The refrigerant circuit includes a first four-way valve 
2 to which a discharge side pipe and a suction side pipe of the 
compressor 1 are connected, and a second four-way valve 4 to 
which a suction side pipe of the sub-expander 23, a discharge 
side pipe of the expander 6 and the bypass circuit are connected. 

The operation of the heat pump type cooling and heating 
air conditioner of this embodiment will be explained. 

First, a cooling operation mode in which the outdoor heat 
exchanger 3 is used as a gas cooler and the indoor heat exchanger 
8 is used as an evaporator will be explained. A flow of the 
refrigerant in the cooling operation mode is shown with solid 
arrows in the drawing. 

Refrigerant at the time of the cooling operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12. The refrigerant is introduced into the outdoor heat 
exchanger 3 through the first four-way valve 2. In the outdoor 
heat exchanger 3, since CO2 refrigerant is in a supercritical 
state, the refrigerant is not brought into two-phase state, and 
dissipates heat to outside fluid such as air and water. Then, 
the C0 2 refrigerant is introduced into the sub-expander 23 and 
the expander 6, and is expanded by the sub-expander 23 and the 
expander 6. Power recover by the expander 6 at the time of 
expanding operation is used for driving the compressor 1. At 
that time, an optimal amount of refrigerant flowing into the 
expander 6 is calculated from a high pressure refrigerant 
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temperature and a high pressure refrigerant pressure detected 
on the outlet side of the outdoor heat exchanger 3. If the 
volume flow rate is greater than the calculated optimal 
refrigerant amount, the opening of the bypass valve 7 is 
increased to increase the amount of refrigerant which is allowed 
to flow into the bypass circuit, thereby reducing the volume 
flow rate of refrigerant flowing into the expander 6. If the 
volume flow rate is smaller than the calculated optimal 
refrigerant amount, torque of the electric generator 24 (load 
of the electric generator) is increased to increase the high 
pressure side pressure, thereby increasing the volume flow rate 
of refrigerant flowing into the expander 6. 

The CO2 refrigerant expanded by the sub-expander 23 and 
the expander 6 is introduced into the indoor heat exchanger 8 
through the second four-way valve 4 and evaporated and suctions 
heat in the indoor heat exchanger 8. A room is cooled by this 
endotherm. The refrigerant which has been evaporated is drawn 
into the compressor 1. 

Next, a heating operation mode in which the outdoor heat 
exchanger 3 is used as the evaporator and the indoor heat 
exchanger 8 is used as the gas cooler will be explained, A flow 
of a refrigerant in this heating operation mode is shown with 
dashed arrows in the drawing. 

Refrigerant at the time of the heating operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
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motor 12. The refrigerant is introduced into the indoor heat 
exchanger 8 through the first four-way valve 2. In the indoor 
heat exchanger 8, since C0 2 refrigerant is in a supercritical 
state, the refrigerant is not brought into two-phase state, and 
dissipates heat to outside fluid such as air and water. A room 
is heated utilizing this radiation. Then, the C0 2 refrigerant 
is introduced into the sub-expander 23 and the expander 6 and 
is expanded by the sub-expander 2 3 and the expander 6. Power 
recover by the expander 6 at the time of expanding operation 
is used for driving the compressor 1. At that time, an optimal 
amount of refrigerant flowing into the expander 6 is calculated 
from a high pressure refrigerant temperature and a high pressure 
refrigerant pressure detected on the side of an outlet of the 
indoor heat exchanger 8. If the volume flow rate is greater 
than the calculated optimal refrigerant amount, the opening of 
the bypass valve 7 is increased to increase the amount of 
refrigerant which is allowed to flow into the bypass circuit, 
thereby reducing the volume flow rate of refrigerant flowing 
into the expander 6. If the volume flow rate is smaller than 
the calculated optimal refrigerant amount, torque of the 
electric generator 24 (load of the electric generator) is 
increased to increase the high pressure side pressure, thereby 
increasing the volume flow rate of refrigerant flowing into the 
expander 6. 

The CO2 refrigerant expanded by the sub-expander 23 and 
the expander 6 is introduced into the outdoor heat exchanger 
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3 through the second four-way valve 4 and is evaporated and 
suctions heat in the outdoor heat exchanger 3. The refrigerant 
which has been evaporated is drawn into the compressor 1 through 
the first four-way valve 2. 

As described above, according to this embodiment , by 
changing the opening of the bypass valve 7 and adjusting the 
amount of refrigerant flowing through the bypass circuit, it 
is possible to control the amount of refrigerant flowing into 
the expander 6. Further, by changing torque of the electric 
generator 24 connected to the sub-expander 23 (load of the 
electric generator) and adjusting the high pressure side 
pressure, it is possible to control the amount of refrigerant 
flowing into the expander 6. Therefore, it is possible to 
efficiently recover power in the expander 6, power recover from 
the sub-expander 23 is utilized for generating electricity of 
the electric generator 24, and it is possible to recover more 
power from the refrigeration cycle. 

A refrigeration cycle apparatus of another embodiment 
of the present invention will be explained with reference to 
the drawing. 

Fig. 16 shows a structure of the heat pump type air 
conditioner of this embodiment. 

As shown in Fig. 16, the heat pump type air conditioner 
of this embodiment uses a C0 2 refrigerant as a refrigerant, and 
comprises a refrigerant circuit in which a compressor 1 having 
a motor 12, an outdoor heat exchanger 3, an expander 6 and an 
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indoor heat exchanger 8 are connected to one another through 
pipes . 

The expander 6 is provided at its inflow side with a 
pre-expansion valve 5. 

A bypass circuit which bypasses the pre-expansion valve 
5 and the expander 6 is provided in parallel to the pre-expansion 
valve 5 and the expander 6. The bypass circuit is provided with 
a sub-expander 21, and an electric generator 22 is connected 
to a drive shaft of the sub-expander 21. 

A drive shaft of the expander 6 and a drive shaft of the 
compressor 1 are connected to each other, and the compressor 
1 utilizes power recover by the expander 6 for driving. 

The operation of the heat pump type air conditioner of 
the embodiment will be explained below. 

A refrigerant is compressed at a high temperature and 
under a high pressure and is discharged by the compressor 1 which 
is driven by the motor 12. The refrigerant is introduced into 
the outdoor heat exchanger 3. In the outdoor heat exchanger 
3, since C0 2 refrigerant is in a supercritical state, the 
refrigerant is not brought into two-phase state, and dissipates 
heat to outside fluid such as air and water. Then, the C0 2 
refrigerant is introduced into the pre-expansion valve 5, the 
expander 6 and the sub-expander 21 is expanded by the 
pre-expansion valve 5, the expander 6 and the sub-expander 21. 
Power recover by the expander 6 at the time of expanding 
operation is used for driving the compressor 1. At that time, 
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an optimal amount of refrigerant flowing into the expander 6 
is calculated from a high pressure refrigerant temperature and 
a high pressure refrigerant pressure detected on the side of 
an outlet of the outdoor heat exchanger 3. If the volume flow 
rate is greater than the calculated optimal refrigerant amount, 
torque of the electric generator 22 (load of the electric 
generator) is reduced to increase the amount of refrigerant 
which is allowed to flow into the bypass circuit, thereby 
reducing the volume flow rate of refrigerant flowing into the 
expander 6. If the volume flow rate is smaller than the 
calculated optimal refrigerant amount, the opening of the 
pre-expansion valve 5 is reduced to increase the high pressure 
side pressure, thereby increasing the volume flow rate of 
refrigerant flowing into the expander 6. 

The C0 2 refrigerant expanded by the pre-expansion valve 
5 and the expander 6 or the C0 2 refrigerant expanded by the 
sub-expander 21 is evaporated and suctions heat in the indoor 
heat exchanger 8. A room is cooled by this endotherm. The 
refrigerant which has been evaporated is drawn into the 
compressor 1. 

As described above, according to this embodiment, by 
changing the torque of the electric generator 22 connected to 
the sub-expander 21 (load of the electric generator) to adjust 
the amount of refrigerant flowing through the bypass circuit, 
it is possible to control the amount of refrigerant flowing into 
the expander 6. Further, by changing the opening of the 
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pre-expansion valve 5 to adjust the high pressure side pressure, 
it is possible to control the amount of refrigerant flowing into 
the expander 6. Therefore, it is possible to efficiently 
recover power in the expander 6, power recover from the 
sub-expander 21 is utilized for generating electricity of the 
electric generators 22 and 24, and it is possible to recover 
more power from the refrigeration cycle. 

A refrigeration cycle apparatus of another embodiment 
of the present invention will be explained with reference to 
the drawing based on a heat pump type cooling and heating air 
conditioner. 

Fig. 17 shows a structure of the heat pump type cooling 
and heating air conditioner of this embodiment. 

As shown in Fig. 17, the heat pump type cooling and heating 
air conditioner of this embodiment uses a C0 2 refrigerant as 
a refrigerant, and comprises a refrigerant circuit in which a 
compressor 1 having a motor 12, an outdoor heat exchanger 3, 
an expander 6 and an indoor heat exchanger 8 are connected to 
one another through pipes. 

The expander 6 is provided at its inflow side with a 
pre-expansion valve 5. 

A bypass circuit which bypasses the pre-expansion valve 
5 and the expander 6 is provided in parallel to the pre-expansion 
valve 5 and the expander 6. The bypass circuit is provided with 
a sub-expander 21, and an electric generator 22 is connected 
to a drive shaft of the sub-expander 21. The bypass circuit 
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is connected to the second four-way valve 4 like the 
sub-expander 23 and the expander 6. 

A drive shaft of the expander 6 and a drive shaft of the 
compressor 1 are connected to each other, and the compressor 

1 utilizes power recover by the expander 6 for driving. 

The refrigerant circuit includes a first four-way valve 

2 to which a discharge side pipe and a suction side pipe of the 
compressor 1 are connected, and a second four-way valve 4 to 
which a suction side pipe of the pre-expansion valve 5, a 
discharge side pipe of the expander 6 and the bypass circuit 
are connected. 

The operation of the heat pump type cooling and heating 
air conditioner of this embodiment will be explained. 

First, a cooling operation mode in which the outdoor heat 
exchanger 3 is used as a gas cooler and the indoor heat exchanger 
8 is used as an evaporator will be explained. A flow of the 
refrigerant in the cooling operation mode is shown with solid 
arrows in the drawing. 

Refrigerant at the time of the cooling operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12. The refrigerant is introduced into the outdoor heat 
exchanger 3. In the outdoor heat exchanger 3, since C0 2 
refrigerant is in a supercritical state, the refrigerant is not 
brought into two-phase state, and dissipates heat to outside 
fluid such as air and water. Then, the CO2 refrigerant is 
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introduced into the pre-expansion valve 5, the expander 6 and 
the sub-expander 21 is expanded by the pre-expansion valve 5, 
the expander 6 and the sub-expander 21. Power recover by the 
expander 6 at the time of expanding operation is used for driving 
the compressor 1. At that time, an optimal amount of 
refrigerant flowing into the expander 6 is calculated from a 
high pressure refrigerant temperature and a high pressure 
refrigerant pressure detected on the side of an outlet of the 
outdoor heat exchanger 3. If the volume flow rate is greater 
than the calculated optimal refrigerant amount, torque of the 
electric generator 22 (load of the electric generator) is 
reduced to increase the amount of refrigerant which is allowed 
to flow into the bypass circuit, thereby reducing the volume 
flow rate of refrigerant flowing into the expander 6. If the 
volume flow rate is smaller than the calculated optimal 
refrigerant amount, the opening of the pre-expansion valve 5 
is reduced to increase the high pressure side pressure, thereby 
increasing the volume flow rate of refrigerant flowing into the 
expander 6. 

The C0 2 refrigerant expanded by the pre-expansion valve 
5 and the expander 6 or the C0 2 refrigerant expanded by the 
sub-expander 21 is introduced into the indoor heat exchanger 
8 through the second four-way valve 4 and evaporated and 
suctions heat in the indoor heat exchanger 8. A room is cooled 
by this endotherm. The refrigerant which has been evaporated 
is drawn into the compressor 1. 
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Next, a heating operation mode in which the outdoor heat 
exchanger 3 is used as the evaporator and the indoor heat 
exchanger 8 is used as the gas cooler will be explained. A flow 
of a refrigerant in this heating operation mode is shown with 
dashed arrows in the drawing. 

Refrigerant at the time of the heating operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12. The refrigerant is introduced into the indoor heat 
exchanger 8 through the first four-way valve 2. In the indoor 
heat exchanger 8, since C0 2 refrigerant is in a supercritical 
state, the refrigerant is not brought into two-phase state, and 
dissipates heat to outside fluid such as air and water. A room 
is heated utilizing this radiation. Then, the C0 2 refrigerant 
is introduced into the pre-expansion valve 5, the expander 6 
and the sub-expander 21, and is expanded by the pre-expansion 
valve 5, the expander 6 and the sub-expander 21. Power recover 
by the expander 6 at the time of expanding operation is used 
for driving the compressor 1. At that time, an optimal amount 
of refrigerant flowing into the expander 6 is calculated from 
a high pressure refrigerant temperature and a high pressure 
refrigerant pressure detected on the side of an outlet of the 
indoor heat exchanger 8. If the volume flow rate is greater 
than the calculated optimal refrigerant amount, torque of the 
electric generator 22 (load of the electric generator) is 
reduced to increase the amount of refrigerant which is allowed 
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to flow into the bypass circuit, thereby reducing the volume 
flow rate of refrigerant flowing into the expander 6. If the 
volume flow rate is smaller than the calculated optimal 
refrigerant amount, the opening of the pre-expansion valve 5 
is reduced to increase the high pressure side pressure, thereby 
increasing the volume flow rate of refrigerant flowing into the 
expander 6. 

The CO2 refrigerant expanded by the pre-expansion valve 
5 and the expander 6 or the C0 2 refrigerant expanded by the 
sub-expander 21 is introduced into the outdoor heat exchanger 
3 through the second four-way valve 4 and evaporated and 
suctions heat in the outdoor heat exchanger 3- The refrigerant 
which has been evaporated is drawn into the compressor 1 through 
the first four-way valve 2. 

As described above, according to this embodiment, by 
changing the torque of the electric generator 22 connected to 
the sub-expander 21 (load of the electric generator) to adjust 
the amount of refrigerant flowing through the bypass circuit, 
it is possible to control the amount of refrigerant flowing into 
the expander 6. Further, by changing the opening of the 
pre-expansion valve 5 to adjust the high pressure side pressure, 
it is possible to control the amount of refrigerant flowing into 
the expander 6. Therefore, it is possible to efficiently 
recover power in the expander 6, power recover from the 
sub-expander 21 is utilized for generating electricity of the 
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electric generator 22, and it is possible to recover more power 
from the refrigeration cycle. 

A refrigeration cycle apparatus of another embodiment 
of the present invention will be explained with reference to 
the drawing. 

Fig. 18 shows a structure of the heat pump type air 
conditioner of this embodiment. 

As shown in Fig. 18 , the heat pump type air conditioner 
of this embodiment uses a C0 2 refrigerant as a refrigerant, and 
comprises a refrigerant circuit in which a compressor 1 having 
a motor 12, an outdoor heat exchanger 3, an expander 6 and an 
indoor heat exchanger 8 are connected to one another through 
pipes . 

The expander 6 is provided at its inflow side with a 
sub-expander 23, and an electric generator 22 is connected to 
a drive shaft of the sub-expander 23. 

A bypass circuit which bypasses the sub-expander 23 and 
the expander 6 is provided in parallel to the sub-expander 23 
and the expander 6. The bypass circuit is provided with a 
sub-expander 21, and an electric generator 22 is connected to 
a drive shaft of the sub-expander 21. 

Here, the electric generator 22 includes a clutch 
mechanism which is connected to one of the sub-expander 21 and 
the sub-expander 23. The bypass circuit is provided at its 
inflow side with a flow path valve 25. 
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A drive shaft of the expander 6 and a drive shaft of the 
compressor 1 are connected to each other, and the compressor 
1 utilizes power recover by the expander 6 for driving. 

The operation of the heat pump type air conditioner of 
the embodiment will be explained below. 

A refrigerant is compressed at a high temperature and 
under a high pressure and is discharged by the compressor 1 which 
is driven by the motor 12. The refrigerant is introduced into 
the outdoor heat exchanger 3. In the outdoor heat exchanger 
3, since CO2 refrigerant is in a supercritical state, the 
refrigerant is not brought into two-phase state, and dissipates 
heat to outside fluid such as air and water. Then, the C0 2 
refrigerant is introduced into the sub-expander 23 and the 
expander 6 and is expanded by the sub-expander 23 and the 
expander 6. Power recover by the expander 6 at the time of 
expanding operation is used for driving the compressor 1. At 
that time, an optimal amount of refrigerant flowing into the 
expander 6 is calculated from a high pressure refrigerant 
temperature and a high pressure refrigerant pressure detected 
on the side of an outlet of the outdoor heat exchanger 3. If 
the volume flow rate is greater than the calculated optimal 
refrigerant amount, the flow path valve 25 is opened, the 
electric generator 22 is connected to the sub-expander 21 to 
allow refrigerant to flow into the bypass circuit, thereby 
reducing the volume flow rate of refrigerant flowing into the 
expander 6. In this case, the sub-expander 23 is not allowed 
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to operate. It is preferable that torque of the electric 
generator 22 is adjusted to change the bypass amount. If the 
volume flow rate is smaller than the calculated optimal 
refrigerant amount, the flow path valve 25 is closed, the 
electric generator 22 is connected to the sub-expander 23, the 
high pressure side pressure is increased, and the volume flow 
rate of refrigerant flowing into the expander 6 is increased. 
In this case, the sub-expander 21 is not allowed to operate. 
It is preferable that torque of the electric generator 22 is 
adjusted to change the high pressure side pressure. 

The C0 2 refrigerant expanded by the sub-expander 23 and 
the expander 6 or the CO2 refrigerant expanded by the 
sub-expander 21 and the expander 6 is evaporated and suctions 
heat in the indoor heat exchanger 8. A room is cooled by this 
endotherm. The refrigerant which has been evaporated is drawn 
into the compressor 1. 

As described above, according to this embodiment, the 
open/close valve 25 is opened, the sub-expander 21 is connected 
to the electric generator 22, thereby adjusting the amount of 
refrigerant flowing through the bypass circuit, and it is 
possible to control the amount of refrigerant flowing into the 
expander 6. The open/close valve 25 is closed, torque of the 
electric generator 24 connected to the sub-expander 23 (load 
of the electric generator) is changed to adjust the high 
pressure side pressure, and it is possible to control the amount 
of refrigerant flowing into the expander 6. Therefore, it is 
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possible to efficiently recover power in the expander 6. Power 
recover from the sub-expander 21 or the sub-expander 23 is 
utilized for generating electricity of the electric generators 
22 and 24, and it is possible to recover more power from the 
refrigeration cycle. 

A refrigeration cycle apparatus of another embodiment 
of the present invention will be explained with reference to 
the drawing. 

Fig. 19 shows a structure of the heat pump type air 
conditioner of this embodiment. 

As shown in Fig. 19, the heat pump type air conditioner 
of this embodiment uses a C0 2 refrigerant as a refrigerant, and 
comprises a refrigerant circuit in which a compressor 1 having 
a motor 12, an outdoor heat exchanger 3, an expander 6 and an 
indoor heat exchanger 8 are connected to one another through 
pipes . 

The expander 6 is provided at its inflow side with a 
sub-expander 23, and an electric generator 22 is connected to 
a drive shaft of the sub-expander 23. 

A bypass circuit which bypasses the sub-expander 23 and 
the expander 6 is provided in parallel to the sub-expander 23 
and the expander 6. The bypass circuit is provided with a 
sub-expander 21, and an electric generator 22 is connected to 
a drive shaft of the sub-expander 21. The bypass circuit is 
connected to the second four-way valve 4 like the sub-expander 
23 and the expander 6. 
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Here, the electric generator 22 includes a clutch 
mechanism which is connected to one of the sub-expander 21 and 
the sub-expander 23. The bypass circuit is provided at its 
inflow side with a flow path valve 25. 

A drive shaft of the expander 6 and a drive shaft of the 
compressor 1 are connected to each other, and the compressor 

1 utilizes power recover by the expander 6 for driving. 

The refrigerant circuit includes a first four-way valve 

2 to which a discharge side pipe and a suction side pipe of the 
compressor 1 are connected, and a second four-way valve 4 to 
which a suction side pipe of the pre-sub-expander 23, a 
discharge side pipe of the expander 6 and the bypass circuit 
are connected. 

The operation of the heat pump type cooling and heating 
air conditioner of this embodiment will be explained. 

First, a cooling operation mode in which the outdoor heat 
exchanger 3 is used as a gas cooler and the indoor heat exchanger 
8 is used as an evaporator will be explained. A flow of the 
refrigerant in the cooling operation mode is shown with solid 
arrows in the drawing. 

Refrigerant at the time of the cooling operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12. The refrigerant is introduced into the outdoor heat 
exchanger 3. In the outdoor heat exchanger 3, since C0 2 
refrigerant is in a supercritical state, the refrigerant is not 
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brought into two-phase state, and dissipates heat to outside 
fluid such as air and water. Then, the CO2 refrigerant is 
introduced into the sub-expander 23 and the expander 6 is 
expanded by the sub-expander 23 and the expander 6. Power 
recover by the expander 6 at the time of expanding operation 
is used for driving the compressor 1. At that time, an optimal 
amount of refrigerant flowing into the expander 6 is calculated 
from a high pressure refrigerant temperature and a high pressure 
refrigerant pressure detected on the side of an outlet of the 
outdoor heat exchanger 3. If the volume flow rate is greater 
than the calculated optimal refrigerant amount, the flow path 
valve 25 is opened, the electric generator 22 is connected to 
the sub-expander 21 to allow refrigerant to flow into the bypass 
circuit, thereby reducing the volume flow rate of refrigerant 
flowing into the expander 6. In this case, the sub-expander 
23 is not allowed to operate. It is preferable that torque of 
the electric generator 22 is adjusted to change the bypass 
amount. If the volume flow rate is smaller than the calculated 
optimal refrigerant amount, the flow path valve 25 is closed, 
the electric generator 22 is connected to the sub-expander 23, 
the high pressure side pressure is increased, and the volume 
flow rate of refrigerant flowing into the expander 6 is 
increased. In this case, the sub-expander 21 is not allowed 
to operate. It is preferable that torque of the electric 
generator 22 is adjusted to change the high pressure side 
pressure . 
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The C0 2 refrigerant expanded by the sub-expander 23 and 
the expander 6 or the C0 2 refrigerant expanded by the 
sub-expander 21 and the expander 6 is introduced into the indoor 
heat exchanger 8 through the second four-way valve 4 and is 
evaporated and suctions heat in the indoor heat exchanger 8. 
A room is cooled by this endotherm. The refrigerant which has 
been evaporated is drawn into the compressor 1. 

Next, a heating operation mode in which the outdoor heat 
exchanger 3 is used as the evaporator and the indoor heat 
exchanger 8 is used as the gas cooler will be explained. A flow 
of a refrigerant in this heating operation mode is shown with 
dashed arrows in the drawing. 

Refrigerant at the time of the heating operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12. The refrigerant is introduced into the indoor heat 
exchanger 8 through the first four-way valve 2. In the indoor 
heat exchanger 8, since C0 2 refrigerant is in a supercritical 
state, the refrigerant is not brought into two-phase state, and 
dissipates heat to outside fluid such as air and water. A room 
is heated utilizing this radiation. Then, the C0 2 refrigerant 
is introduced into the sub-expander 23 and the expander 6, and 
is expanded by the sub-expander 23 and the expander 6. Power 
recover by the expander 6 at the time of expanding operation 
is used for driving the compressor 1. At that time, an optimal 
amount of refrigerant flowing into the expander 6 is calculated 
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from a high pressure refrigerant temperature and a high pressure 
refrigerant pressure detected on the side of an outlet of the 
indoor heat exchanger 8. If the volume flow rate is greater 
than the calculated optimal refrigerant amount, the flow path 
valve 25 is opened, the electric generator 22 is connected to 
the sub-expander 21 to allow refrigerant to flow into the bypass 
circuit, thereby reducing the volume flow rate of refrigerant 
flowing into the expander 6. In this case, the sub-expander 
23 is not allowed to operate. It is preferable that torque of 
the electric generator 22 is adjusted to change the bypass 
amount. If the volume flow rate is smaller than the calculated 
optimal refrigerant amount, the flow path valve 25 is closed, 
the electric generator 22 is connected to the sub-expander 23, 
the high pressure side pressure is increased, and the volume 
flow rate of refrigerant flowing into the expander 6 is 
increased. In this case, the sub-expander 21 is not allowed 
to operate. It is preferable that torque of the electric 
generator 22 is adjusted to change the high pressure side 
pressure . 

The C0 2 refrigerant expanded by the sub-expander 23 and 
the expander 6 or the C0 2 refrigerant expanded by the 
sub-expander 21 and the expander 6 is introduced into the 
outdoor heat exchanger 3 through the second four-way valve' 4 
and is evaporated and suctions heat in the outdoor heat 
exchanger 3 . The refrigerant which has been evaporated is drawn 
into the compressor 1 through the first four-way valve 2. 
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As described above, according to this embodiment, the 
open/close valve 25 is opened, the sub-expander 21 is connected 
to the electric generator 22, thereby adjusting the amount of 
refrigerant flowing through the bypass circuit, and it is 
possible to control the amount of refrigerant flowing into the 
expander 6. The open/close valve 25 is closed, torque of the 
electric generator 24 connected to the sub-expander 23 (load 
of the electric generator) is changed to adjust the high 
pressure side pressure, and it is possible to control the amount 
of refrigerant flowing into the expander 6. Therefore, it is 
possible to efficiently recover power in the expander 6. Power 
recover from the sub-expander 21 or the sub-expander 23 is 
utilized for generating electricity of the electric generators 
22 and 24, and it is possible to recover more power from the 
refrigeration cycle . 

A refrigeration cycle apparatus of another embodiment 
of the present invention will be explained with reference to 
the drawing. 

Fig. 20 shows a structure of the heat pump type air 
conditioner of this embodiment. 

As shown in Fig. 20, the heat pump type air conditioner 
of this embodiment uses a C0 2 refrigerant as a refrigerant, and 
comprises a refrigerant circuit in which a compressor 1 having 
a motor 12, an outdoor heat exchanger 3, an expander 6 and an 
indoor heat exchanger 8 are connected to one another through 
pipes . 
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The expander 6 is provided at its discharge side with 
a sub-expander 23, and an electric generator 22 is connected 
to a drive shaft of the sub-expander 23. 

A bypass circuit which bypasses the sub-expander 23 and 
the expander 6 is provided in parallel to the sub-expander 23 
and the expander 6. The bypass circuit is provided with a 
sub-expander 21, and an electric generator 22 is connected to 
a drive shaft of the sub-expander 21. 

Here, the electric generator 22 includes a clutch 
mechanism which is connected to one of the sub-expander 21 and 
the sub-expander 23. The bypass circuit is provided at its 
inflow side with a flow path valve 25. 

A drive shaft of the expander 6 and a drive shaft of the 
compressor 1 are connected to each other, and the compressor 
1 utilizes power recover by the expander 6 for driving. 

The operation of the heat pump type air conditioner of 
the embodiment will be explained below. 

A refrigerant is compressed at a high temperature and 
under a high pressure and is discharged by the compressor 1 which 
is driven by the motor 12. The refrigerant is introduced into 
the outdoor heat exchanger 3. In the outdoor heat exchanger 
3, since CO2 refrigerant is in a supercritical state, the 
refrigerant is not brought into two-phase state, and dissipates 
heat to outside fluid such as air and water. Then, the C0 2 
refrigerant is introduced into the expander 6 and the 
sub-expander 23 and is expanded by the expander 6 and the 
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sub-expander 23. Power recover by the expander 6 at the time 
of expanding operation is used for driving the compressor 1. 
At that time, an optimal amount of refrigerant flowing into the 
expander 6 is calculated from a high pressure refrigerant 
temperature and a high pressure refrigerant pressure detected 
on the side of an outlet of the outdoor heat exchanger 3. If 
the volume flow rate is greater than the calculated optimal 
refrigerant amount, the flow path valve 25 is opened, the 
electric generator 22 is connected to the sub-expander 21 to 
allow refrigerant to flow into the bypass circuit, thereby 
reducing the volume flow rate of refrigerant flowing into the 
expander 6. In this case, the sub-expander 23 is not allowed 
to operate. It is preferable that torque of the electric 
generator 22 is adjusted to change the bypass amount. If the 
volume flow rate is smaller than the calculated optimal 
refrigerant amount, the flow path valve 25 is closed, the 
electric generator 22 is connected to the sub-expander 23, the 
low pressure side pressure is reduced, and the volume flow rate 
of refrigerant flowing into the expander 6 is increased. In 
this case, the sub-expander 21 is not allowed to operate. It 
is preferable that torque of the electric generator 22 is 
adjusted to change the low pressure side pressure. 

The C0 2 refrigerant expanded by the sub-expander 23 and 
the expander 6 or the C0 2 refrigerant expanded by the 
sub-expander 21 and the expander 6 is evaporated and suctions 
heat in the indoor heat exchanger 8. A room is cooled by this 



83 



endotherm. The refrigerant which has been evaporated is drawn 
into the compressor 1. 

As described above, according to this embodiment, the 
open/close valve 25 is opened, the sub-expander 21 is connected 
to the electric generator 22, thereby adjusting the amount of 
refrigerant flowing through the bypass circuit, and it is 
possible to control the amount of refrigerant flowing into the 
expander 6. The open/close valve 25 is closed, torque of the 
electric generator 24 connected to the sub-expander 23 (load 
of the electric generator) is changed to adjust the low pressure 
side pressure, and it is possible to control the amount of 
refrigerant flowing into the expander 6. Therefore, it is 
possible to efficiently recover power in the expander 6. Power 
recover from the sub-expander 21 or the sub-expander 23 is 
utilized for generating electricity of the electric generators 
22 and 24, and it is possible to recover more power from the 
refrigeration cycle . 

A refrigeration cycle apparatus of another embodiment 
of the present invention will be explained with reference to 
the drawing. 

Fig. 21 shows a structure of the heat pump type air 
conditioner of this embodiment. 

As shown in Fig. 21, the heat pump type air conditioner 
of this embodiment uses a CO2 refrigerant as a refrigerant, and 
comprises a refrigerant circuit in which a compressor 1 having 
a motor 12, an outdoor heat exchanger 3, an expander 6 and an 



84 



indoor heat exchanger 8 are connected to one another through 
pipes . 

The expander 6 is provided at its discharge side with 
a sub-expander 23, and an electric generator 22 is connected 
to a drive shaft of the sub-expander 23. 

A bypass circuit which bypasses the sub-expander 23 and 
the expander 6 is provided in parallel to the sub-expander 23 
and the expander 6. The bypass circuit is provided with a 
sub-expander 21, and an electric generator 22 is connected to 
a drive shaft of the sub-expander 21. The bypass circuit is 
connected to the second four-way valve 4 like the sub-expander 
23 and the expander 6. 

Here, the electric generator 22 includes a clutch 
mechanism which is connected to one of the sub-expander 21 and 
the sub-expander 23. The bypass circuit is provided at its 
inflow side with a flow path valve 25. 

A drive shaft of the expander 6 and a drive shaft of the 
compressor 1 are connected to each other, and the compressor 

1 utilizes power recover by the expander 6 for driving. 

The refrigerant circuit includes a first four-way valve 

2 to which a discharge side pipe and a suction side pipe of the 
compressor 1 are connected, and a second four-way valve 4 to 
which a discharge side pipe of the pre-sub-expander 23, a inflow 
side pipe of the expander 6 and the bypass circuit are connected. 

The operation of the heat pump type cooling and heating 
air conditioner of this embodiment will be explained. 
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First, a cooling operation mode in which the outdoor heat 
exchanger 3 is used as a gas cooler and the indoor heat exchanger 
8 is used as an evaporator will be explained. A flow of the 
refrigerant in the cooling operation mode is shown with solid 
arrows in the drawing. 

Refrigerant at the time of the cooling operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12. The refrigerant is introduced into the outdoor heat 
exchanger 3. In the outdoor heat exchanger 3, since CO2 
refrigerant is in a supercritical state, the refrigerant is not 
brought into two-phase state, and dissipates heat to outside 
fluid such as air and water. Then, the C0 2 refrigerant is 
introduced into the expander 6 and the sub-expander 23 is 
expanded by the expander 6 and the sub-expander 23. Power 
recover by the expander 6 at the time of expanding operation 
is used for driving the compressor 1. At that time, an optimal 
amount of refrigerant flowing into the expander 6 is calculated 
from a high pressure refrigerant temperature and a high pressure 
refrigerant pressure detected on the side of an outlet of the 
outdoor heat exchanger 3. If the volume flow rate is greater 
than the calculated optimal refrigerant amount, the flow path 
valve 25 is opened, the electric generator 22 is connected to 
the sub-expander 21 to allow refrigerant to flow into the bypass 
circuit, thereby reducing the volume flow rate of refrigerant 
flowing into the expander 6. In this case, the sub-expander 
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23 is not allowed to operate. It is preferable that torque of 
the electric generator 22 is adjusted to change the bypass 
amount. If the volume flow rate is smaller than the calculated 
optimal refrigerant amount, the flow path valve 25 is closed, 
the electric generator 22 is connected to the sub-expander 23, 
the low pressure side pressure is reduced, and the volume flow 
rate of refrigerant flowing into the expander 6 is increased. 
In this case, the sub-expander 21 is not allowed to operate. 
It is preferable that torque of the electric generator 22 is 
adjusted to change the low pressure side pressure. 

The C0 2 refrigerant expanded by the sub-expander 23 and 
the expander 6 or the C0 2 refrigerant expanded by the 
sub-expander 21 and the expander 6 is introduced into the indoor 
heat exchanger 8 through the second four-way valve 4 and is 
evaporated and suctions heat in the indoor heat exchanger 8. 
A room is cooled by this endotherm. The refrigerant which has 
been evaporated is drawn into the compressor 1. 

Next, a heating operation mode in which the outdoor heat 
exchanger 3 is used as the evaporator and the indoor heat 
exchanger 8 is used as the gas cooler will be explained. A flow 
of a refrigerant in this heating operation mode is shown with 
dashed arrows in the drawing. 

Refrigerant at the time of the heating operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12. The refrigerant is introduced into the indoor heat 



87 



exchanger 8 through the first four-way valve 2. In the indoor 
heat exchanger 8, since CO2 refrigerant is in a supercritical 
state, the refrigerant is not brought into two-phase state, and 
dissipates heat to outside fluid such as air and water. A room 
is heated utilizing this radiation. Then, the CO2 refrigerant 
is introduced into the expander 6 and the sub-expander 23, and 
is expanded by the expander 6 and the sub-expander 23. Power 
recover by the expander 6 at the time of expanding operation 
is used for driving the compressor 1. At that time, an optimal 
amount of refrigerant flowing into the expander 6 is calculated 
from a high pressure refrigerant temperature and a high pressure 
refrigerant pressure detected on the side of an outlet of the 
indoor heat exchanger 8. If the volume flow rate is greater 
than the calculated optimal refrigerant amount, the flow path 
valve 25 is opened, the electric generator 22 is connected to 
the sub-expander 21 to allow refrigerant to flow into the bypass 
circuit, thereby reducing the volume flow rate of refrigerant 
flowing into the expander 6. In this case, the sub-expander 
23 is not allowed to operate. It is preferable that torque of 
the electric generator 22 is adjusted to change the bypass 
amount. If the volume flow rate is smaller than the calculated 
optimal refrigerant amount, the flow path valve 25 is closed, 
the electric generator 22 is connected to the sub-expander 23, 
the low pressure side pressure is reduced, and the volume flow 
rate of refrigerant flowing into the expander 6 is increased. 
In this case, the sub-expander 21 is not allowed to operate. 
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It is preferable that torque of the electric generator 22 is 
adjusted to change the low pressure side pressure. 

The CO2 refrigerant expanded by the sub-expander 23 and 
the expander 6 or the C0 2 refrigerant expanded by the 
sub-expander 21 and the expander 6 is introduced into the 
outdoor heat exchanger 3 through the second four-way valve 4 
and is evaporated and suctions heat in the outdoor heat 
exchanger 3 . The refrigerant which has been evaporated is drawn 
into the compressor 1 through the first four-way valve 2. 

As described above, according to this embodiment , the 
open/close valve 25 is opened, the sub-expander 21 is connected 
to the electric generator 22, thereby adjusting the amount of 
refrigerant flowing through the bypass circuit, and it is 
possible to control the amount of refrigerant flowing into the 
expander 6. The open/close valve 25 is closed, torque of the 
electric generator 22 connected to the sub-expander 23 (load 
of the electric generator) is changed to adjust the low pressure 
side pressure, and it is possible to control the amount of 
refrigerant flowing into the expander 6. Therefore, it is 
possible to efficiently recover power in the expander 6. Power 
recover from the sub-expander 21 or the sub-expander 23 is 
utilized for generating electricity of the electric generator 
22, and it is possible to recover more power from the 
refrigeration cycle. 
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A refrigeration cycle apparatus of another embodiment 
of the present invention will be explained with reference to 
the drawing. 

Fig. 22 shows a structure of the heat pump type air 
conditioner of this embodiment. 

As shown in Fig. 22, the heat pump type air conditioner 
of this embodiment uses a C0 2 refrigerant as a refrigerant, and 
comprises a refrigerant circuit in which a compressor 1 having 
a motor 12, an outdoor heat exchanger 3, an expander 6, an indoor 
heat exchanger 8 and an auxiliary compressor 10 are connected 
to one another through pipes. 

The refrigerant circuit includes a first four-way valve 
2 to which a discharge side pipe of the compressor 1 and a suction 
side pipe of the auxiliary compressor 10 are connected, and a 
second four-way valve 4 to which a discharge side pipe and a 
suction side pipe of heat exchanger expander 6 are connected 
A bypass circuit for bypassing the expander 6 is provided 
in parallel to the expander 6. The bypass circuit is provided 
with a sub-expander 21. An electric generator 22 is connected 
to a drive shaft of the sub-expander 21. The bypass circuit 
is connected to the second four-way valve 4 like the expander 
6. 

The drive shaft of the expander 6 and a drive shaft of 
the auxiliary compressor 10 are connected to each other, and 
the auxiliary compressor 10 is driven by power recover by the 
expander 6. 
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The operation of the heat pump type cooling and heating 
air conditioner of this embodiment will be explained. 

First, a cooling operation mode in which the outdoor heat 
exchanger 3 is used as a gas cooler and the indoor heat exchanger 
8 is used as an evaporator will be explained. A flow of the 
refrigerant in the cooling operation mode is shown with solid 
arrows in the drawing. 

Refrigerant at the time of the cooling operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12. The refrigerant is introduced into the outdoor heat 
exchanger 3. In the outdoor heat exchanger 3, since C0 2 
refrigerant is in a supercritical state, the refrigerant is not 
brought into two-phase state, and dissipates heat to outside 
fluid such as air and water. Then, the C0 2 refrigerant is 
introduced into the expander 6 and the sub-expander 21 through 
the second four-way valve 4 and is expanded by the expander 6 
and the sub-expander 21. Power recover by the expander 6 at 
the time of expanding operation is used for driving the 
auxiliary compressor 10. At that time, an optimal amount of 
refrigerant flowing into the expander 6 is calculated from a 
high pressure refrigerant temperature and a high pressure 
refrigerant pressure detected on the side of an outlet of the 
outdoor heat exchanger 3. If the volume flow rate is greater 
than the calculated optimal refrigerant amount, torque of the 
electric generator 22 (load of the electric generator) is 
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reduced to increase the amount of refrigerant which is allowed 
to flow into the bypass circuit, thereby reducing the volume 
flow rate of refrigerant flowing into the expander 6. If the 
optimal amount of refrigerant flowing into the expander 6 is 
smaller than the calculated optimal refrigerant amount, torque 
of the electric generator 22 (load of the electric generator) 
is increased to reduce the amount of refrigerant which is 
allowed to flow into the bypass circuit, thereby increasing the 
volume flow rate of refrigerant flowing into the expander 6. 

The CO2 refrigerant expanded by the sub-expander 21 and 
the expander 6 is introduced into the indoor heat exchanger 8 
through the second four-way valve 4 and is evaporated and 
suctions heat in the indoor heat exchanger 8. A room is cooled 
by this endotherm. The refrigerant which has been evaporated 
is drawn into the auxiliary compressor 10 through the first 
four-way valve 2, supercharged by the auxiliary compressor 10 
and is drawn into the compressor 1. 

Next, a heating operation mode in which the outdoor heat 
exchanger 3 is used as the evaporator and the indoor heat 
exchanger 8 is used as the gas cooler will be explained- A flow 
of a refrigerant in this heating operation mode is shown with 
dashed arrows in the drawing. 

Refrigerant at the time of the heating operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12. The refrigerant is introduced into the indoor heat 
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exchanger 8 through the first four-way valve 2. In the indoor 
heat exchanger 8, since CO2 refrigerant is in a supercritical 
state, the refrigerant is not brought into two-phase state, and 
dissipates heat to outside fluid such as air and water. A room 
is heated utilizing this radiation. Then, the C0 2 refrigerant 
is introduced into the expander 6 and the sub-expander 21 
through the second four-way valve 4 and is expanded by the 
expander 6 and the sub-expander 21- Power recover by the 
expander 6 at the time of expanding operation is used for driving 
the auxiliary compressor 10. At that time, an optimal amount 
of refrigerant flowing into the expander 6 is calculated from 
a high pressure refrigerant temperature and a high pressure 
refrigerant pressure detected on the side of an outlet of the 
outdoor heat exchanger 3. If the volume flow rate is greater 
than the calculated optimal refrigerant amount, torque of the 
electric generator 22 (load of the electric generator) is 
reduced to increase the amount of refrigerant which is allowed 
to flow into the bypass circuit, thereby reducing the volume 
flow rate of refrigerant flowing into the expander 6. If the 
optimal amount of refrigerant flowing into the expander 6 is 
smaller than the calculated optimal refrigerant amount, torque 
of the electric generator 22 (load of the electric generator) 
is increased to reduce the amount of refrigerant which is 
allowed to flow into the bypass circuit, thereby increasing the 
volume flow rate of refrigerant flowing into the expander 6. 
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The C0 2 refrigerant expanded by the expander 6 and the 
sub-expander 21 is introduced into the outdoor heat exchanger 
3 through the second four-way valve 4 and is evaporated and 
suctions heat in the outdoor heat exchanger 3 . The refrigerant 
which has been evaporated is introduced into the auxiliary 
compressor 10 through the first four-way valve 2, supercharged 
by the auxiliary compressor 10 and is drawn into the compressor 

1. 

As described above, according to this embodiment, the 
torque of the electric generator 22 (i.e., load of the electric 
generator) connected to the sub-expander 21 is changed to adjust 
the amount of refrigerant flowing through the bypass circuit, 
thereby controlling the amount of refrigerant flowing through 
the expander 6. Therefore, it is possible to efficiently 
recover power in the expander 6 . During the control of the flow 
rate of refrigerant through the bypass system, power recover 
from the sub-expander 21 is utilized for generating electricity 
of the electric generator 22, and it is possible to recover more 
power from the refrigeration cycle. 

A refrigeration cycle apparatus of another embodiment 
of the present invention will be explained with reference to 
the drawing. 

Fig. 23 shows a structure of the heat pump type air 
conditioner of this embodiment. 

As shown in Fig. 23, the heat pump type air conditioner 
of this embodiment uses a C0 2 refrigerant as a refrigerant, and 
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comprises a refrigerant circuit in which a compressor 1 having 
a motor 12 , an auxiliary compressor 10, an outdoor heat 
exchanger 3, an expander 6 and an indoor heat exchanger 8 are 
connected to one another through pipes. 

The refrigerant circuit includes a first four-way valve 
2 to which a suction side pipe of the compressor 1 and a discharge 
side pipe of the auxiliary compressor 10 are connected, and a 
second four-way valve 4 to which a discharge side pipe and a 
suction side pipe of heat exchanger expander 6 are connected 

A bypass circuit for bypassing the expander 6 is provided 
in parallel to the expander 6. The bypass circuit is provided 
with a sub-expander 21. An electric generator 22 is connected 
to a drive shaft of the sub-expander 21. The bypass circuit 
is connected to the second four-way valve 4 like the expander 
6. 

The drive shaft of the expander 6 and a drive shaft of 
the auxiliary compressor 10 are connected to each other, and 
the auxiliary compressor 10 is driven by power recover by the 
expander 6. 

The operation of the heat pump type cooling and heating 
air conditioner of this embodiment will be explained. 

First, a cooling operation mode in which the outdoor heat 
exchanger 3 is used as a gas cooler and the indoor heat exchanger 
8 is used as an evaporator will be explained. A flow of the 
refrigerant in the cooling operation mode is shown with solid 
arrows in the drawing. 
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Refrigerant at the time of the cooling operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12, and is introduced into the auxiliary compressor 10. 
The refrigerant is further super-pressurized by the auxiliary 
compressor 10 and then, introduced into the outdoor heat 
exchanger 3 through the first four-way valve 2. In the outdoor 
heat exchanger 3, since C0 2 refrigerant is in a supercritical 
state, the refrigerant is not brought into two-phase state, and 
dissipates heat to outside fluid such as air and water. Then, 
the CO2 refrigerant is introduced into the expander 6 and the 
sub-expander 21 through the second four-way valve 4 and is 
expanded by the expander 6 and the sub-expander 21. Power 
recover by the expander 6 at the time of expanding operation 
is used for driving the auxiliary compressor 10. At that time, 
an optimal amount of refrigerant flowing into the expander 6 
is calculated from a high pressure refrigerant temperature and 
a high pressure refrigerant pressure detected on the side of 
an outlet of the outdoor heat exchanger 3. If the volume flow 
rate is greater than the calculated optimal refrigerant amount, 
torque of the electric generator 22 (load of the electric 
generator) is reduced to increase the amount of refrigerant 
which is allowed to flow into the bypass circuit, thereby 
reducing the volume flow rate of refrigerant flowing into the 
expander 6. If the optimal amount of refrigerant flowing into 
the expander 6 is smaller than the calculated optimal 



96 



refrigerant amount, torque of the electric generator 22 (load 
of the electric generator) is increased to reduce the amount 
of refrigerant which is allowed to flow into the bypass circuit, 
thereby increasing the volume flow rate of refrigerant flowing 
into the expander 6. 

The CO2 refrigerant expanded by the sub-expander 21 and 
the expander 6 is introduced into the indoor heat exchanger 8 
through the second four-way valve 4 and is evaporated and 
suctions heat in the indoor heat exchanger 8. A room is cooled 
by this endotherm. The refrigerant which has been evaporated 
is drawn into the auxiliary compressor 10 through the first 
four-way valve 2. 

Next, a heating operation mode in which the outdoor heat 
exchanger 3 is used as the evaporator and the indoor heat 
exchanger 8 is used as the gas cooler will be explained. A flow 
of a refrigerant in this heating operation mode is shown with 
dashed arrows in the drawing. 

Refrigerant at the time of the heating operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12, and is introduced into the auxiliary compressor 10. 
The refrigerant is further super-pressurized by the auxiliary 
compressor 10 and then, introduced into the indoor heat 
exchanger 8 through the first four-way valve 2. In the indoor 
heat exchanger 8, since C0 2 refrigerant is in a supercritical 
state, the refrigerant is not brought into two-phase state, and 
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dissipates heat to outside fluid such as air and water and a 
room is heated by this endotherm. Then, the C0 2 refrigerant 
is introduced into the expander 6 and the sub-expander 21 
through the second four-way valve 4 and is expanded by the 
expander 6 and the sub-expander 21. Power recover by the 
expander 6 at the time of expanding operation is used for driving 
the auxiliary compressor 10. At that time, an optimal amount 
of refrigerant flowing into the expander 6 is calculated from 
a high pressure refrigerant temperature and a high pressure 
refrigerant pressure detected on the side of an outlet of the 
outdoor heat exchanger 3. If the volume flow rate is greater 
than the calculated optimal refrigerant amount, torque of the 
electric generator 22 (load of the electric generator) is 
reduced to increase the amount of refrigerant which is allowed 
to flow into the bypass circuit, thereby reducing the volume 
flow rate of refrigerant flowing into the expander 6. If the 
optimal amount of refrigerant flowing into the expander 6 is 
smaller than the calculated optimal refrigerant amount, torque 
of the electric generator 22 (load of the electric generator) 
is increased to reduce the amount of refrigerant which is 
allowed to flow into the bypass circuit, thereby increasing the 
volume flow rate of refrigerant flowing into the expander 6. 

The C0 2 refrigerant expanded by the expander 6 and the 
sub-expander 21 is introduced into the outdoor heat exchanger 
3 through the second four-way valve 4 and is evaporated and 
suctions heat in the outdoor heat exchanger 3. The refrigerant 
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which has been evaporated is drawn into the compressor 1 through 
the first four-way valve 2. 

As described above, according to this embodiment/ the 
torque of the electric generator 22 (i.e. , load of the electric 
generator) connected to the sub-expander 21 is changed to adjust 
the amount of refrigerant flowing through the bypass circuit, 
thereby controlling the amount of refrigerant flowing through 
the expander 6. Therefore, it is possible to efficiently 
recover power in the expander 6. During the control of the flow 
rate of refrigerant through the bypass system, power recover 
from the sub-expander 21 is utilized for generating electricity 
of the electric generator 22, and it is possible to recover more 
power from the refrigeration cycle. 

A refrigeration cycle apparatus of another embodiment 
of the present invention will be explained with reference to 
the drawing. 

Fig. 24 shows a structure of the heat pump type air 
conditioner of this embodiment. 

As shown in Fig. 24, the heat pump type air conditioner 
of this embodiment uses a C0 2 refrigerant as a refrigerant, and 
comprises a refrigerant circuit in which a compressor 1 having 
a motor 12, an outdoor heat exchanger 3, an expander 6, an indoor 
heat exchanger 8 and an auxiliary compressor 10 are connected 
to one another through pipes. 
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The expander 6 is provided at its inflow side with a 
sub-expander 23, and an electric generator 24 is connected to 
a drive shaft of the sub-expander 23. 

A drive shaft of the expander 6 and a drive shaft of the 
auxiliary compressor 10 are connected to each other, and the 
auxiliary compressor 10 is driven by power recover by the 
expander 6. 

The refrigerant circuit includes a first four-way valve 
2 to which a discharge side pipe of the compressor 1 and a suction 
side pipe of the auxiliary compressor 10 are connected, and a 
second four-way valve 4 to which a suction side pipe of the 
sub-expander 23 and a discharge side pipe of the expander 6 are 
connected. 

The operation of the heat pump type cooling and heating 
air conditioner of this embodiment will be explained. 

First, a cooling operation mode in which the outdoor heat 
exchanger 3 is used as a gas cooler and the indoor heat exchanger 
8 is used as an evaporator will be explained. A flow of the 
refrigerant in the cooling operation mode is shown with solid 
arrows in the drawing. 

Refrigerant at the time of the cooling operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12. The refrigerant is introduced into the outdoor heat 
exchanger 3. In the outdoor heat exchanger 3, since C0 2 
refrigerant is in a supercritical state, the refrigerant is not 
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brought into two-phase state, and dissipates heat to outside 
fluid such as air and water. Then, the CO2 refrigerant is 
introduced into the sub-expander 2 3 and the expander 6 through 
the second four-way valve 4 and is expanded by the sub-expander 
2 3 and the expander 6. Power recover by the expander 6 at the 
time of expanding operation is used for driving the auxiliary 
compressor 10. At that time, an optimal amount of refrigerant 
flowing into the expander 6 is calculated from a high pressure 
refrigerant temperature and a high pressure refrigerant 
pressure detected on the side of an outlet of the outdoor heat 
exchanger 3, If the volume flow rate is smaller than the 
calculated optimal refrigerant amount, torque of the electric 
generator 24 (load of the electric generator) is increased to 
increase the high pressure side pressure, thereby increasing 
the volume flow rate of refrigerant flowing into the expander 
6. If the optimal amount of refrigerant flowing into the 
expander 6 is greater than the calculated optimal refrigerant 
amount, torque of the electric generator 24 (load of the 
electric generator) is reduced to reduce the high pressure side 
pressure, thereby reducing the volume flow rate of refrigerant 
flowing into the expander 6. 

The C0 2 refrigerant expanded by the sub-expander 23 and 
the expander 6 is introduced into the indoor heat exchanger 8 
through the second four-way valve 4 and is evaporated and 
suctions heat in the indoor heat exchanger 8. A room is cooled 
by this endotherm. The refrigerant which has been evaporated 
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is introduced into the auxiliary compressor 10 through the first 
four-way valve 2 and is supercharged by the auxiliary compressor 
10 and is drawn into the compressor 1. 

Next, a heating operation mode in which the outdoor heat 
exchanger 3 is used as the evaporator and the indoor heat 
exchanger 8 is used as the gas cooler will be explained. A flow 
of a refrigerant in this heating operation mode is shown with 
dashed arrows in the drawing. 

Refrigerant at the time of the heating operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12, and is introduced into the indoor heat exchanger 8 
through the first four-way valve 2. In the indoor heat 
exchanger 8, since CO2 refrigerant is in a supercritical state, 
the refrigerant is not brought into two-phase state, and 
dissipates heat to outside fluid such as air and water and a 
room is heated by this endotherm. Then, the CO2 refrigerant 
is introduced into the sub-expander 23 and the expander 6 
through the second four-way valve 4 and is expanded by the 
sub-expander 23 and the expander 6. Power recover by the 
expander 6 at the time of expanding operation is used for driving 
the auxiliary compressor 10. At that time, an optimal amount 
of refrigerant flowing into the expander 6 is calculated from 
a high pressure refrigerant temperature and a high pressure 
refrigerant pressure detected on the side of an outlet of the 
outdoor heat exchanger 3. If the volume flow rate is smaller 



102 



than the calculated optimal refrigerant amount, torque of the 
electric generator 24 (load of the electric generator) is 
increased to increase the high pressure side pressure, thereby 
increasing the volume flow rate of refrigerant flowing into the 
expander 6. If the optimal amount of refrigerant flowing into 
the expander 6 is greater than the calculated optimal 
refrigerant amount, torque of the electric generator 24 (load 
of the electric generator) is reduced to reduce the high 
pressure side pressure, thereby reducing the volume flow rate 
of refrigerant flowing into the expander 6. 

The CO2 refrigerant expanded by the expansion 
sub-expander 23 and the expander 6 is evaporated and suctions 
heat in the outdoor heat exchanger 3. The refrigerant which 
has been evaporated is introduced into the auxiliary compressor 
10 through the first four-way valve 2 and supercharged by the 
auxiliary compressor 10 and drawn into the compressor 1. 

As described above, according to this embodiment, the 
torque of the electric generator 24 (i.e. , load of the electric 
generator) connected to the sub-expander 23 is changed to adjust 
the high pressure side pressure, thereby controlling the amount 
of refrigerant flowing through the expander 6. Therefore, it 
is possible to efficiently recover power in the expander 6. 
Power recover from the sub-expander 23 is utilized for 
generating electricity of the electric generator 24, and it is 
possible to recover more power from the refrigeration cycle. 
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A refrigeration cycle apparatus of another embodiment 
of the present invention will be explained with reference to 
the drawing. 

Fig. 25 shows a structure of the heat pump type air 
conditioner of this embodiment. 

As shown in Fig. 25, the heat pump type air conditioner 
of this embodiment uses a C0 2 refrigerant as a refrigerant, and 
comprises a refrigerant circuit in which a compressor 1 having 
a motor 12, an auxiliary compressor 10, an outdoor heat 
exchanger 3, an expander 6 and an indoor heat exchanger 8 are 
connected to one another through pipes. 

The expander 6 is provided at its inflow side with a 
sub-expander 23, and an electric generator 24 is connected to 
a drive shaft of the sub-expander 23. 

A drive shaft of the expander 6 and a drive shaft of the 
auxiliary compressor 10 are connected to each other, and the 
auxiliary compressor 10 is driven by power recover by the 
expander 6. 

The refrigerant circuit includes a first four-way valve 
2 to which a suction side pipe of the compressor 1 and a discharge 
side pipe of the auxiliary compressor 10 are connected, and a 
second four-way valve 4 to which a suction side pipe of the 
sub-expander 23 and a discharge side pipe of the expander 6 are 
connected. 

The operation of the heat pump type cooling and heating 
air conditioner of this embodiment will be explained. 
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First, a cooling operation mode in which the outdoor heat 
exchanger 3 is used as a gas cooler and the indoor heat exchanger 
8 is used as an evaporator will be explained. A flow of the 
refrigerant in the cooling operation mode is shown with solid 
arrows in the drawing. 

Refrigerant at the time of the cooling operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12, and is introduced into the auxiliary compressor 10 
and further super-pressurized by the auxiliary compressor 10 
and then introduced into the outdoor heat exchanger 3 through 
the first four-way valve 2. In the outdoor heat exchanger 3, 
since C0 2 refrigerant is in a supercritical state, the 
refrigerant is not brought into two-phase state, and dissipates 
heat to outside fluid such as air and water. Then, the C0 2 
refrigerant is introduced into the sub-expander 21 and the 
expander 6 through the second four-way valve 4 and is expanded 
by the sub-expander 23 and the expander 6. Power recover by 
the expander 6 at the time of expanding operation is used for 
driving the auxiliary compressor 10. At that time, an optimal 
amount of refrigerant flowing into the expander 6 is calculated 
from a high pressure refrigerant temperature and a high pressure 
refrigerant pressure detected on the side of an outlet of the 
outdoor heat exchanger 3. If the volume flow rate is smaller 
than the calculated optimal refrigerant amount, torque of the 
electric generator 24 (load of the electric generator) is 
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increased to increase the high pressure side pressure, thereby 
increasing the volume flow rate of refrigerant flowing into the 
expander 6. If the optimal amount of refrigerant flowing into 
the expander 6 is greater than the calculated optimal 
refrigerant amount, torque of the electric generator 24 (load 
of the electric generator) is reduced to reduce the high 
pressure side pressure, thereby reducing the volume flow rate 
of refrigerant flowing into the expander 6. 

The CO2 refrigerant expanded by the sub-expander 23 and 
the expander 6 is introduced into the indoor heat exchanger 8 
through the second four-way valve 4 and is evaporated in the 
indoor heat exchanger 8. A room is cooled by this endotherm. 
The refrigerant which has been evaporated is drawn into the 
compressor 1 through the first four-way valve 2. 

Next, a heating operation mode in which the outdoor heat 
exchanger 3 is used as the evaporator and the indoor heat 
exchanger 8 is used as the gas cooler will be explained. A flow 
of a refrigerant in this heating operation mode is shown with 
dashed arrows in the drawing. 

Refrigerant at the time of the heating operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12, and is introduced into the auxiliary compressor 10 
and further super-pressurized by the auxiliary compressor 10 
and then introduced into the indoor heat exchanger 8 through 
the first four-way valve 2. In the indoor heat exchanger 8, 
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since C0 2 refrigerant is in a supercritical state, the 
refrigerant is not brought into two-phase state, and dissipates 
heat to outside fluid such as air and water. A room is heated 
by this endotherm. Then, the C0 2 refrigerant is introduced into 
the sub-expander 23 and the expander 6 through the second 
four-way valve 4 and is expanded by the sub-expander 23 and the 
expander 6. Power recover by the expander 6 at the time of 
expanding operation is used for driving the auxiliary 
compressor 10. At that time, an optimal amount of refrigerant 
flowing into the expander 6 is calculated from a high pressure 
refrigerant temperature and a high pressure refrigerant 
pressure detected on the side of an outlet of the outdoor heat 
exchanger 3. If the volume flow rate is smaller than the 
calculated optimal refrigerant amount, torque of the electric 
generator 24 (load of the electric generator) is increased to 
increase the high pressure side pressure, thereby increasing 
the volume flow rate of refrigerant flowing into the expander 
6. If the optimal amount of refrigerant flowing into the 
expander 6 is greater than the calculated optimal refrigerant 
amount, torque of the electric generator 24 (load of the 
electric generator) is reduced to reduce the high pressure side 
pressure, thereby reducing the volume flow rate of refrigerant 
flowing into the expander 6. 

The CO2 refrigerant expanded by the sub-expander 23 and 
the expander 6 is evaporated and suctions heat in the outdoor 
heat exchanger 3. The refrigerant which has been evaporated 
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is drawn into the compressor 1 through the first four-way valve 
2. 

As described above, according to this embodiment, the 
torque of the electric generator 24 (i.e. , load of the electric 
generator) connected to the sub-expander 23 is changed to adjust 
the high pressure side pressure, thereby controlling the amount 
of refrigerant flowing through the expander 6. Therefore, it 
is possible to efficiently recover power in the expander 6. 
Power recover from the sub-expander 23 is utilized for 
generating electricity of the electric generator 24, and it is 
possible to recover more power from the refrigeration cycle. 

A refrigeration cycle apparatus of another embodiment 
of the present invention will be explained with reference to 
the drawing. 

Fig. 26 shows a structure of the heat pump type air 
conditioner of this embodiment. 

As shown in Fig. 26, the heat pump type air conditioner 
of this embodiment uses a C0 2 refrigerant as a refrigerant, and 
comprises a refrigerant circuit in which a compressor 1 having 
a motor 12, an outdoor heat exchanger 3, an expander 6, an indoor 
heat exchanger 8 and an auxiliary compressor 10 are connected 
to one another through pipes. 

The expander 6 is provided at its discharge side with 
a sub-expander 23, and an electric generator 24 is connected 
to a drive shaft of the sub-expander 23. 
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A drive shaft of the expander 6 and a drive shaft of the 
auxiliary compressor 10 are connected to each other, and the 
auxiliary compressor 10 is driven by power recover by the 
expander 6. 

The refrigerant circuit includes a first four-way valve 
2 to which a discharge side pipe of the compressor 1 and a suction 
side pipe of the auxiliary compressor 10 are connected, and a 
second four-way valve 4 to which a discharge side pipe of the 
sub-expander 23 and a suction side pipe of the expander 6 are 
connected. 

The operation of the heat pump type cooling and heating 
air conditioner of this embodiment will be explained. 

First, a cooling operation mode in which the outdoor heat 
exchanger 3 is used as a gas cooler and the indoor heat exchanger 
8 is used as an evaporator will be explained. A flow of the 
refrigerant in the cooling operation mode is shown with solid 
arrows in the drawing. 

Refrigerant at the time of the cooling operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12. The refrigerant is introduced into the outdoor heat 
exchanger 3. In the outdoor heat exchanger 3, since C0 2 
refrigerant is in a supercritical state, the refrigerant is not 
brought into two-phase state, and dissipates heat to outside 
fluid such as air and water. Then, the C0 2 refrigerant is 
introduced into the expander 6 and the sub-expander 23 through 
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the second four-way valve 4 and is expanded by the expander 6 
and the sub-expander 23. Power recover by the expander 6 at 
the time of expanding operation is used for driving the 
auxiliary compressor 10. At that time, an optimal amount of 
refrigerant flowing into the expander 6 is calculated from a 
high pressure refrigerant temperature and a high pressure 
refrigerant pressure detected on the side of an outlet of the 
outdoor heat exchanger 3. If the volume flow rate is smaller 
than the calculated optimal refrigerant amount, torque of the 
electric generator 22 (load of the electric generator) is 
increased to reduce the low pressure side pressure, thereby 
increasing the volume flow rate of refrigerant flowing into the 
expander 6. If the optimal amount of refrigerant flowing into 
the expander 6 is greater than the calculated optimal 
refrigerant amount, torque of the electric generator 22 (load 
of the electric generator) is reduced to increase the low 
pressure side pressure, thereby reducing the volume flow rate 
of refrigerant flowing into the expander 6. 

The CO2 refrigerant expanded by the sub-expander 23 and 
the expander 6 is introduced into the indoor heat exchanger 8 
through the second four-way valve 4 and is evaporated and 
suctions heat in the indoor heat exchanger 8. A room is cooled 
by this endotherm. The refrigerant which has been evaporated 
is introduced into the auxiliary compressor 10 through the first 
four-way valve 2 and is supercharged by the auxiliary compressor 
10 and is drawn into the compressor 1. 
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Next, a heating operation mode in which the outdoor heat 
exchanger 3 is used as the evaporator and the indoor heat 
exchanger 8 is used as the gas cooler will be explained. A flow 
of a refrigerant in this heating operation mode is shown with 
dashed arrows in the drawing. 

Refrigerant at the time of the heating operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12, and is introduced into the indoor heat exchanger 8 
through the first four-way valve 2. In the indoor heat 
exchanger 8, since CO2 refrigerant is in a supercritical state, 
the refrigerant is not brought into two-phase state, and 
dissipates heat to outside fluid such as air and water and a 
room is heated by this endotherm. Then, the CO2 refrigerant 
is introduced into the expander 6 and the sub-expander 23 
through the second four-way valve 4 and is expanded by the 
expander 6 and the sub-expander 23. Power recover by the 
expander 6 at the time of expanding operation is used for driving 
the auxiliary compressor 10. At that time, an optimal amount 
of refrigerant flowing into the expander 6 is calculated from 
a high pressure refrigerant temperature and a high pressure 
refrigerant pressure detected on the side of an outlet of the 
outdoor heat exchanger 3. If the volume flow rate is smaller 
than the calculated optimal refrigerant amount, torque of the 
electric generator 22 (load of the electric generator) is 
increased to reduce the low pressure side pressure, thereby 
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increasing the volume flow rate of refrigerant flowing into the 
expander 6. If the optimal amount of refrigerant flowing into 
the expander 6 is greater than the calculated optimal 
refrigerant amount, torque of the electric generator 22 (load 
of the electric generator) is reduced to increase the low 
pressure side pressure, thereby reducing the volume flow rate 
of refrigerant flowing into the expander 6, 

The C0 2 refrigerant expanded by the expander 6 and the 
sub-expander 23 is evaporated and suctions heat in the outdoor 
heat exchanger 3. The refrigerant which has been evaporated 
is introduced into the auxiliary compressor 10 through the first 
four-way valve 2 and supercharged by the auxiliary compressor 
10 and drawn into the compressor 1. 

As described above, according to this embodiment, the 
torque of the electric generator 24 (i.e. , load of the electric 
generator) connected to the sub-expander 23 is changed to adjust 
the low pressure side pressure, thereby controlling the amount 
of refrigerant flowing through the expander 6. Therefore, it 
is possible to efficiently recover power in the expander 6. 
Power recover from the sub-expander 23 is utilized for 
generating electricity of the electric generator 24, and it is 
possible to recover more power from the refrigeration cycle. 

A refrigeration cycle apparatus of another embodiment 
of the present invention will be explained with reference to 
the drawing. 
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Fig. 27 shows a structure of the heat pump type air 
conditioner of this embodiment. 

As shown in Fig. 27, the heat pump type air conditioner 
of this embodiment uses a C0 2 refrigerant as a refrigerant, and 
comprises a refrigerant circuit in which a compressor 1 having 
a motor 12, an auxiliary compressor 10, an outdoor heat 
exchanger 3, an expander 6 and an indoor heat exchanger 8 are 
connected to one another through pipes. 

The expander 6 is provided at its discharge side with 
a sub-expander 23, and an electric generator 24 is connected 
to a drive shaft of the sub-expander 23. 

A drive shaft of the expander 6 and a drive shaft of the 
auxiliary compressor 10 are connected to each other, and the 
auxiliary compressor 10 is driven by power recover by the 
expander 6. 

The refrigerant circuit includes a first four-way valve 
2 to which a suction side pipe of the compressor 1 and a discharge 
side pipe of the auxiliary compressor 10 are connected, and a 
second four-way valve 4 to which a discharge side pipe of the 
sub-expander 23 and a suction side pipe of the expander 6 are 
connected . 

The operation of the heat pump type cooling and heating 
air conditioner of this embodiment will be explained. 

First, a cooling operation mode in which the outdoor heat 
exchanger 3 is used as a gas cooler and the indoor heat exchanger 
8 is used as an evaporator will be explained. A flow of the 
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refrigerant in the cooling operation mode is shown with solid 
arrows in the drawing. 

Refrigerant at the time of the cooling operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12, and is introduced into the auxiliary compressor 10 
and further super-pressurized by the auxiliary compressor 10 
and then introduced into the outdoor heat exchanger 3 through 
the first four-way valve 2. In the outdoor heat exchanger 3, 
since C0 2 refrigerant is in a supercritical state, the 
refrigerant is not brought into two-phase state, and dissipates 
heat to outside fluid such as air and water. Then, the C0 2 
refrigerant is introduced into the expander 6 and the 
sub-expander 23 through the second four-way valve 4 and is 
expanded by the expander 6 and the sub-expander 23. Power 
recover by the expander 6 at the time of expanding operation 
is used for driving the auxiliary compressor 10. At that time, 
an optimal amount of refrigerant flowing into the expander 6 
is calculated from a high pressure refrigerant temperature and 
a high pressure refrigerant pressure detected on the side of 
an outlet of the outdoor heat exchanger 3. If the volume flow 
rate is smaller than the calculated optimal refrigerant amount, 
torque of the electric generator 22 (load of the electric 
generator) is increased to reduce the low pressure side pressure, 
thereby increasing the volume flow rate of refrigerant flowing 
into the expander 6. If the optimal amount of refrigerant 



114 



flowing into the expander 6 is greater than the calculated 
optimal refrigerant amount, torque of the electric generator 
22 (load of the electric generator) is reduced to increase the 
low pressure side pressure, thereby reducing the volume flow 
rate of refrigerant flowing into the expander 6. 

The C0 2 refrigerant expanded by the expander 6 and the 
sub-expander 23 is introduced into the indoor heat exchanger 
8 through the second four-way valve 4 and is evaporated in the 
indoor heat exchanger 8. A room is cooled by this endotherm. 
The refrigerant which has been evaporated is drawn into the 
compressor 1 through the first four-way valve 2. 

Next, a heating operation mode in which the outdoor heat 
exchanger 3 is used as the evaporator and the indoor heat 
exchanger 8 is used as the gas cooler will be explained. A flow 
of a refrigerant in this heating operation mode is shown with 
dashed arrows in the drawing. 

Refrigerant at the time of the heating operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12, and is introduced into the auxiliary compressor 10 
and further super-pressurized by the auxiliary compressor 10 
and then introduced into the outdoor heat exchanger 3 through 
the first four-way valve 2. In the outdoor heat exchanger 3, 
since C0 2 refrigerant is in a supercritical state, the 
refrigerant is not brought into two-phase state, and dissipates 
heat to outside fluid such as air and water. A room is heated 
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utilizing this radiation. Then, the C0 2 refrigerant is 
introduced into the expander 6 and the sub-expander 2 3 through 
the second four-way valve 4 and is expanded by the expander 6 
and the sub-expander 23. Power recover by the expander 6 at 
the time of expanding operation is used for driving the 
auxiliary compressor 10. At that time, an optimal amount of 
refrigerant flowing into the expander 6 is calculated from a 
high pressure refrigerant temperature and a high pressure 
refrigerant pressure detected on the side of an outlet of the 
outdoor heat exchanger 3. If the volume flow rate is smaller 
than the calculated optimal refrigerant amount, torque of the 
electric generator 22 (load of the electric generator) is 
increased to reduce the low pressure side pressure, thereby 
increasing the volume flow rate of refrigerant flowing into the 
expander 6. If the optimal amount of refrigerant flowing into 
the expander 6 is greater than the calculated optimal 
refrigerant amount, torque of the electric generator 22 (load 
of the electric generator) is reduced to increase the low 
pressure side pressure, thereby reducing the volume flow rate 
of refrigerant flowing into the expander 6. 

The C0 2 refrigerant expanded by the expander 6 and the 
sub-expander 23 is evaporated and suctions heat in the outdoor 
heat exchanger 3. The refrigerant which has been evaporated 
is drawn into the compressor 1 through the first four-way valve 
2. 
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As described above, according to this embodiment, the 
torque of the electric generator 24 (i.e., load of the electric 
generator) connected to the sub-expander 23 is changed to adjust 
the low pressure side pressure, thereby controlling the amount 
of refrigerant flowing through the expander 6. Therefore, it 
is possible to efficiently recover power in the expander 6. 
Power recover from the sub-expander 23 is utilized for 
generating electricity of the electric generator 24, and it is 
possible to recover more power from the refrigeration cycle. 

A refrigeration cycle apparatus of another embodiment 
of the present invention will be explained with reference to 
the drawing. 

Fig. 28 shows a structure of the heat pump type air 
conditioner of this embodiment. 

As shown in Fig. 28, the heat pump type air conditioner 
of this embodiment uses a C0 2 refrigerant as a refrigerant, and 
comprises a refrigerant circuit in which a compressor 1 having 
a motor 12, an outdoor heat exchanger 3, an expander 6, an indoor 
heat exchanger 8 and an auxiliary compressor 10 are connected 
to one another through pipes. 

The expander 6 is provided at its inflow side with a 
sub-expander 23, and an electric generator 24 is connected to 
a drive shaft of the sub-expander 23. 

A bypass circuit for bypassing the sub-expander 23 and 
the expander 6 is provided in parallel to the sub-expander 23 
and the expander 6. The bypass circuit is provided with a 
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sub-expander 21. An electric generator 22 is connected to a 
drive shaft of the sub-expander 21. The bypass circuit is 
connected to the second four-way valve 4 like the sub-expander 
23 and the expander 6. 

A drive shaft of the expander 6 and a drive shaft of the 
auxiliary compressor 10 are connected to each other, and the 
auxiliary compressor 10 is driven by power recover by the 
expander 6. 

The refrigerant circuit includes a first four-way valve 
2 to which a discharge side pipe of the compressor 1 and a suction 
side pipe of the auxiliary compressor 10 are connected, and a 
second four-way valve 4 to which a suction side pipe of the 
sub-expander 23, a discharge side pipe of the expander 6 and 
the bypass circuit are connected. 

The operation of the heat pump type cooling and heating 
air conditioner of this embodiment will be explained. 

First, a cooling operation mode in which the outdoor heat 
exchanger 3 is used as a gas cooler and the indoor heat exchanger 
8 is used as an evaporator will be explained. A flow of the 
refrigerant in the cooling operation mode is shown with solid 
arrows in the drawing. 

Refrigerant at the time of the cooling operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12, and is introduced into the indoor heat exchanger 8 
through the first four-way valve 2. In the outdoor heat 
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exchanger 3, since C0 2 refrigerant is in a supercritical state, 
the refrigerant is not brought into two-phase state, and 
dissipates heat to outside fluid such as air and water. Then, 
the C0 2 refrigerant is introduced into the sub-expander 23, the 
expander 6 and the sub-expander 21 and is expanded by the 
sub-expander 23, the expander 6 and the sub-expander 21. Power 
recover by the expander 6 at the time of expanding operation 
is used for driving the auxiliary compressor 10. At that time, 
an optimal amount of refrigerant flowing into the expander 6 
is calculated from a high pressure refrigerant temperature and 
a high pressure refrigerant pressure detected on the side of 
an outlet of the outdoor heat exchanger 3. If the volume flow 
rate is greater than the calculated optimal refrigerant amount, 
torque of the electric generator 22 (load of the electric 
generator) is reduced to increase the amount of refrigerant 
which is allowed to flow into the bypass circuit, thereby 
reducing the volume flow rate of refrigerant flowing into the 
expander 6. If the volume flow rate is smaller than the 
calculated optimal refrigerant amount, torque of the electric 
generator 24 (load of the electric generator) is increased to 
increase the high pressure side pressure, thereby increasing 
the volume flow rate of refrigerant flowing into the expander 
6. 

The CO2 refrigerant expanded by the sub-expander 23 and 
the expander 6 is introduced into the indoor heat exchanger 8 
through the second four-way valve 4, and is evaporated and 
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suctions heat in the indoor heat exchanger 8. A room is cooled 
by this endotherm. The refrigerant which has been evaporated 
is introduced into the auxiliary compressor 10 through the first 
four-way valve 2 and supercharged by the auxiliary compressor 
10 and drawn into the compressor 1. 

Next, a heating operation mode in which the outdoor heat 
exchanger 3 is used as the evaporator and the indoor heat 
exchanger 8 is used as the gas cooler will be explained. A flow 
of a refrigerant in this heating operation mode is shown with 
dashed arrows in the drawing . 

Refrigerant at the time of the heating operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12, and is introduced into the indoor heat exchanger 8 
through the first four-way valve 2. In the indoor heat 
exchanger 8, since C0 2 refrigerant is in a supercritical state, 
the refrigerant is not brought into two-phase state, and 
dissipates heat to outside fluid such as air and water and a 
room is heated utilizing the endotherm. Then, the C0 2 
refrigerant is introduced into the sub-expander 23, the 
expander 6 and the sub-expander 21 and is expanded by the 
sub-expander 23, the expander 6 and the sub-expander 21, Power 
recover by the expander 6 at the time of expanding operation 
is used for driving the auxiliary compressor 10. At that time, 
an optimal amount of refrigerant flowing into the expander 6 
is calculated from a high pressure refrigerant temperature and 
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a high pressure refrigerant pressure detected on the side of 
an outlet of the outdoor heat exchanger 3. If the volume flow 
rate is greater than the calculated optimal refrigerant amount, 
torque of the electric generator 22 (load of the electric 
generator) is reduced to increase the amount of refrigerant 
which is allowed to flow into the bypass circuit, thereby 
reducing the volume flow rate of refrigerant flowing into the 
expander 6, If the volume flow rate is smaller than the 
calculated optimal refrigerant amount, torque of the electric 
generator 24 (load of the electric generator) is increased to 
increase the high pressure side pressure, thereby increasing 
the volume flow rate of refrigerant flowing into the expander 
6. 

The CO2 refrigerant expanded by the sub-expander 23 and 
the expander 6 or the C0 2 refrigerant expanded by the 
sub-expander 21 is introduced into the outdoor heat exchanger 
3 through the second four-way valve 4, and is evaporated and 
suctions heat in the outdoor heat exchanger 3. The refrigerant 
which has been evaporated is introduced into the auxiliary 
compressor 10 through the first four-way valve 2 and 
supercharged by the auxiliary compressor 10 and drawn into the 
compressor 1. 

As described above, according to this embodiment, the 
torque of the electric generator 22 (i.e. , load of the electric 
generator) is changed to adjust the amount of refrigerant 
flowing through the bypass circuit, thereby controlling the 
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amount of refrigerant flowing through the expander 6, and torque 
of the electric generator 24 connected to the sub-expander 23 
(i.e. , load of the electric generator) is changed to adjust the 
high pressure side pressure, thereby controlling the amount of 
refrigerant flowing into the expander 6. Therefore, it is 
possible to efficiently recover power in the expander 6. Power 
recover from the sub-expander 21 and the sub-expander 23 is 
utilized for generating electricity of the electric generators 
22 and 24, and it is possible to recover more power from the 
refrigeration cycle. 

A refrigeration cycle apparatus of another embodiment 
of the present invention will be explained with reference to 
the drawing. 

Fig. 29 shows a structure of the heat pump type air 
conditioner of this embodiment. 

• As shown in Fig. 2 9, the heat pump type air conditioner 
of this embodiment uses a C0 2 refrigerant as a refrigerant, and 
comprises a refrigerant circuit in which a compressor 1 having 
a motor 12, an auxiliary compressor 10, an outdoor heat 
exchanger 3, an expander 6 and an indoor heat exchanger 8 are 
connected to one another through pipes. 

The expander 6 is provided at its inflow side with a 
sub-expander 23, and an electric generator 24 is connected to 
a drive shaft of the sub-expander 23. 

A bypass circuit for bypassing the sub-expander 23 and 
the expander 6 is provided in parallel to the sub-expander 23 
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and the expander 6, The bypass circuit is provided with a 
sub-expander 21. An electric generator 22 is connected to a 
drive shaft of the sub-expander 21. The bypass circuit is 
connected to the second four-way valve 4 like the sub-expander 
23 and the expander 6. 

A drive shaft of the expander 6 and a drive shaft of the 
auxiliary compressor 10 are connected to each other, and the 
auxiliary compressor 10 is driven by power recover by the 
expander 6. 

The refrigerant circuit includes a first four-way valve 
2 to which a suction side pipe of the compressor 1 and a discharge 
side pipe of the auxiliary compressor 10 are connected, and a 
second four-way valve 4 to which a suction side pipe of the 
sub-expander 23, a discharge side pipe of the expander 6 and 
the bypass circuit are connected. 

The operation of the heat pump type cooling and heating 
air conditioner of this embodiment will be explained. 

First, a cooling operation mode in which the outdoor heat 
exchanger 3 is used as a gas cooler and the indoor heat exchanger 
8 is used as an evaporator will be explained. A flow of the 
refrigerant in the cooling operation mode is shown with solid 
arrows in the drawing. 

Refrigerant at the time of the cooling operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12, and is introduced into the auxiliary compressor 10 
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and further super-pressurized by the auxiliary compressor 10 
and then introduced into the outdoor heat exchanger 3 through 
the first four-way valve 2. In the outdoor heat exchanger 3, 
since C0 2 refrigerant is in a supercritical state, the 
refrigerant is not brought into two-phase state, and dissipates 
heat to outside fluid such as air and water. Then, the C0 2 
refrigerant is introduced into the sub-expander 23, the 
expander 6 and the sub-expander 21 and is expanded by the 
sub-expander 23, the expander 6 and the sub-expander 21. Power 
recover by the expander 6 at the time of expanding operation 
is used for driving the auxiliary compressor 10. At that time, 
an optimal amount of refrigerant flowing into the expander 6 
is calculated from a high pressure refrigerant temperature and 
a high pressure refrigerant pressure detected on the side of 
an outlet of the outdoor heat exchanger 3. If the volume flow 
rate is greater than the calculated optimal refrigerant amount, 
torque of the electric generator 22 (load of the electric 
generator) is reduced to increase the amount of refrigerant 
which is allowed to flow into the bypass circuit, thereby 
reducing the volume flow rate of refrigerant flowing into the 
expander 6. If the volume flow rate is smaller than the 
calculated optimal refrigerant amount, torque of the electric 
generator 24 (load of the electric generator) is increased to 
increase the high pressure side pressure, thereby increasing 
the volume flow rate of refrigerant flowing into the expander 
6. 
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The C0 2 refrigerant expanded by the sub-expander 23 and 
the expander 6 or the C0 2 refrigerant expanded by the 
sub-expander 21 is introduced into the indoor heat exchanger 
8 through the second four-way valve 4, and is evaporated and 
suctions heat in the indoor heat exchanger 8. A room is cooled 
by the endotherm. The refrigerant which has been evaporated 
is drawn into the compressor 1 through the first four-way valve 
2. 

Next, a heating operation mode in which the outdoor heat 
exchanger 3 is used as the evaporator and the indoor heat 
exchanger 8 is used as the gas cooler will be explained. A flow 
of a refrigerant in this heating operation mode is shown with 
dashed arrows in the drawing. 

Refrigerant at the time of the heating operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12, and is introduced into the auxiliary compressor 10 
and further super-pressurized by the auxiliary compressor 10 
and then introduced into the outdoor heat exchanger 3 through 
the first four-way valve 2. In the outdoor heat exchanger 3, 
since C0 2 refrigerant is in a supercritical state, the 
refrigerant is not brought into two-phase state, and dissipates 
heat to outside fluid such as air and water. A room is heated 
utilizing this radiation. Then, the C0 2 refrigerant is 
introduced into the sub-expander 23, the expander 6 and the 
sub-expander 21 and is expanded by the sub-expander 23, the 
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expander 6 and the sub-expander 21. Power recover by the 
expander 6 at the time of expanding operation is used for driving 
the auxiliary compressor 10. At that time, an optimal amount 
of refrigerant flowing into the expander 6 is calculated from 
a high pressure refrigerant temperature and a high pressure 
refrigerant pressure detected on the side of an outlet of the 
outdoor heat exchanger 3. If the volume flow rate is greater 
than the calculated optimal refrigerant amount, torque of the 
electric generator 22 (load of the electric generator) is 
reduced to increase the amount of refrigerant which is allowed 
to flow into the bypass circuit, thereby reducing the volume 
flow rate of refrigerant flowing into the expander 6. If the 
volume flow rate is smaller than the calculated optimal 
refrigerant amount, torque of the electric generator 24 (load 
of the electric generator) is increased to increase the high 
pressure side pressure, thereby increasing the volume flow rate 
of refrigerant flowing into the expander 6. 

The C0 2 refrigerant expanded by the sub-expander 23 and 
the expander 6 or the C0 2 refrigerant expanded by the 
sub-expander 21 is introduced into the outdoor heat exchanger 
3 through the second four-way valve 4 and is evaporated and 
suctions heat in the outdoor heat exchanger 3. The refrigerant 
which has been evaporated is drawn into the compressor 1 through 
the first four-way valve 2. 

As described above, according to this embodiment, the 
torque of the electric generator 22 (i.e. , load of the electric 
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generator) is changed to adjust the amount of refrigerant 
flowing through the bypass circuit, thereby controlling the 
amount of refrigerant flowing through the expander 6, and torque 
of the electric generator 24 connected to the sub-expander 23 
(i.e. , load of the electric generator) is changed to adjust the 
high pressure side pressure, thereby controlling the amount of 
refrigerant flowing into the expander 6. Therefore, it is 
possible to efficiently recover power in the expander 6. Power 
recover from the sub-expander 21 and the sub-expander 23 is 
utilized for generating electricity of the electric generators 
22 and 24, and it is possible to recover more power from the 
refrigeration cycle. 

A refrigeration cycle apparatus of another embodiment 
of the present invention will be explained with reference to 
the drawing. 

Fig. 30 shows a structure of the heat pump type air 
conditioner of this embodiment. 

As shown in Fig. 30, the heat pump type air conditioner 
of this embodiment uses a C0 2 refrigerant as a refrigerant, and 
comprises a refrigerant circuit in which a compressor 1 having 
a motor 12, an outdoor heat exchanger 3, an expander 6, an indoor 
heat exchanger 8 and an auxiliary compressor 10 are connected 
to one another through pipes. 

The expander 6 is provided at its inflow side with a 
sub-expander 23, and an electric generator 24 is connected to 
a drive shaft of the sub-expander 23. 
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A bypass circuit for bypassing the sub-expander 23 and 
the expander 6 is provided in parallel to the sub-expander 23 
and the expander 6 . The bypass circuit is provided with a bypass 
valve 7. The bypass circuit is connected to the second four-way 
valve 4 like the sub-expander 23 and the expander 6. 

A drive shaft of the expander 6 and a drive shaft of the 
auxiliary compressor 10 are connected to each other, and the 
auxiliary compressor 10 is driven by power recover by the 
expander 6. 

The refrigerant circuit includes a first four-way valve 
2 to which a discharge side pipe of the compressor 1 and a suction 
side pipe of the auxiliary compressor 10 are connected, and a 
second four-way valve 4 to which a suction side pipe of the 
sub-expander 23, a discharge side pipe of the expander 6 and 
the bypass circuit are connected. 

The operation of the heat pump type cooling and heating 
air conditioner of this embodiment will be explained. 

First, a cooling operation mode in which the outdoor heat 
exchanger 3 is used as a gas cooler and the indoor heat exchanger 
8 is used as an evaporator will be explained. A flow of the 
refrigerant in the cooling operation mode is shown with solid 
arrows in the drawing. 

Refrigerant at the time of the cooling operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12, and is introduced into the outdoor heat exchanger 3 
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through the first four-way valve 2. In the outdoor heat 
exchanger 3, since C0 2 refrigerant is in a supercritical state, 
the refrigerant is not brought into two-phase state, and 
dissipates heat to outside fluid such as air and water. Then, 
the C0 2 refrigerant is introduced into the sub-expander 23 and 
the expander 6 and is expanded by the sub-expander 23 and the 
expander 6. Power recover by the expander 6 at the time of 
expanding operation is used for driving the auxiliary 
compressor 10 • At that time, an optimal amount of refrigerant 
flowing into the expander 6 is calculated from a high pressure 
refrigerant temperature and a high pressure refrigerant 
pressure detected on the side of an outlet of the outdoor heat 
exchanger 3. If the volume flow rate is greater than the 
calculated optimal refrigerant amount, the opening of the 
bypass valve 7 is increased to increase the amount of 
refrigerant which is allowed to flow into the bypass circuit, 
thereby reducing the volume flow rate of refrigerant flowing 
into the expander 6. If the volume flow rate is smaller than 
the calculated optimal refrigerant amount, torque of the 
electric generator 24 (load of the electric generator) is 
increased to increase the high pressure side pressure, thereby 
increasing the volume flow rate of refrigerant flowing into the 
expander 6. 

The C0 2 refrigerant expanded by the sub-expander 23 and 
the expander 6 is introduced into the indoor heat exchanger 8 
through the second four-way valve 4, and is evaporated and 
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suctions heat in the indoor heat exchanger 8. A room is cooled 
by the endotherm. The refrigerant which has been evaporated 
is introduced into the auxiliary compressor 10 through the first 
four-way valve 2 and supercharged by the auxiliary compressor 
10 and drawn into the compressor 1. 

Next, a heating operation mode in which the outdoor heat 
exchanger 3 is used as the evaporator and the indoor heat 
exchanger 8 is used as the gas cooler will be explained. A flow 
of a refrigerant in this heating operation mode is shown with 
dashed arrows in the drawing. 

Refrigerant at the time of the heating operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12, and is introduced into the indoor heat exchanger 8 
through the first four-way valve 2. In the indoor heat 
exchanger 8, since C0 2 refrigerant is in a supercritical state, 
the refrigerant is not brought into two-phase state, and 
dissipates heat to outside fluid such as air and water. A room 
is heated utilizing this radiation. Then, the C0 2 refrigerant 
is introduced into the sub-expander 23 and the expander 6 and 
is expanded by the sub-expander 23 and the expander 6. Power 
recover by the expander 6 at the time of expanding operation 
is used for driving the auxiliary compressor 10. At that time, 
an optimal amount of refrigerant flowing into the expander 6 
is calculated from a high pressure refrigerant temperature and 
a high pressure refrigerant pressure detected on the side of 
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an outlet of the indoor heat exchanger 8. If the volume flow 
rate is greater than the calculated optimal refrigerant amount, 
the opening of the bypass valve 7 is increased to increase the 
amount of refrigerant which is allowed to flow into the bypass 
circuit, thereby reducing the volume flow rate of refrigerant 
flowing into the expander 6. If the volume flow rate is smaller 
than the calculated optimal refrigerant amount, torque of the 
electric generator 24 (load of the electric generator) is 
increased to increase the high pressure side pressure, thereby 
increasing the volume flow rate of refrigerant flowing into the 
expander 6. 

The C0 2 refrigerant expanded by the sub-expander 23 and 
the expander 6 is introduced into the outdoor heat exchanger 
3 through the second four-way valve 4, and is evaporated and 
suctions heat in the outdoor heat exchanger 3. The refrigerant 
which has been evaporated is introduced into the auxiliary 
compressor 10 through the first four-way valve 2 and 
supercharged by the auxiliary compressor 10 and drawn into the 
compressor 1. 

As described above, according to this embodiment, the 
opening of the bypass valve 7 is changed to adjust the amount 
of refrigerant flowing through the bypass circuit, thereby 
controlling the amount of refrigerant flowing into the expander 
6, and torque of the electric generator 24 connected to the 
sub-expander 23 (i.e., load of the electric generator) is 
changed to adjust the high pressure side pressure, thereby 
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controlling the amount of refrigerant flowing into the expander 
6. Therefore, it is possible to efficiently recover power in 
the expander 6. Power recover from the sub-expander 23 is 
utilized for generating electricity of the electric generator 
24, and it is possible to recover more power from the 
refrigeration cycle . 

A refrigeration cycle apparatus of another embodiment 
of the present invention will be explained with reference to 
the drawing. 

Fig. 31 shows a structure of the heat pump type air 
conditioner of this embodiment. 

As shown in Fig. 31, the heat pump type air conditioner 
of this embodiment uses a CO2 refrigerant as a refrigerant, and 
comprises a refrigerant circuit in which a compressor 1 having 
a motor 12, an auxiliary compressor 10, an outdoor heat 
exchanger 3, an expander 6 and an indoor heat exchanger 8 are 
connected to one another through pipes. 

The expander 6 is provided at its inflow side with a 
sub-expander 23, and an electric generator 24 is connected to 
a drive shaft of the sub-expander 23. 

A bypass circuit for bypassing the sub-expander 23 and 
the expander 6 is provided in parallel to the sub-expander 23 
and the expander 6 . The bypass circuit is provided with a bypass 
valve 7 . The bypass circuit is connected to the second four-way 
valve 4 like the sub-expander 23 and the expander 6. 
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A drive shaft of the expander 6 and a drive shaft of the 
auxiliary compressor 10 are connected to each other, and the 
auxiliary compressor 10 is driven by power recover by the 
expander 6. 

The refrigerant circuit includes a first four-way valve 
2 to which a suction side pipe of the compressor 1 and a discharge 
side pipe of the auxiliary compressor 10 are connected, and a 
second four-way valve 4 to which a suction side pipe of the 
sub-expander 23, a discharge side pipe of the expander 6 and 
the bypass circuit are connected. 

The operation of the heat pump type cooling and heating 
air conditioner of this embodiment will be explained. 

First, a cooling operation mode in which the outdoor heat 
exchanger 3 is used as a gas cooler and the indoor heat exchanger 
8 is used as an evaporator will be explained. A flow of the 
refrigerant in the cooling operation mode is shown with solid 
arrows in the drawing. 

Refrigerant at the time of the cooling operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12, and is introduced into the outdoor heat exchanger 3 
through the first four-way valve 2. In the outdoor heat 
exchanger 3, since C0 2 refrigerant is in a supercritical state, 
the refrigerant is not brought into two-phase state, and 
dissipates heat to outside fluid such as air and water. Then, 
the C0 2 refrigerant is introduced into the sub-expander 23 and 
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the expander 6 and is expanded by the sub-expander 23 and the 
expander 6. Power recover by the expander 6 at the time of 
expanding operation is used for driving the auxiliary 
compressor 10. At that time/ an optimal amount of refrigerant 
flowing into the expander 6 is calculated from a high pressure 
refrigerant temperature and a high pressure refrigerant 
pressure detected on the side of an outlet of the outdoor heat 
exchanger 3. If the volume flow rate is greater than the 
calculated optimal refrigerant amount , the opening of the 
bypass valve 7 is increased to increase the amount of 
refrigerant which is allowed to flow into the bypass circuit, 
thereby reducing the volume flow rate of refrigerant flowing 
into the expander 6. If the volume flow rate is smaller than 
the calculated optimal refrigerant amount, torque of the 
electric generator 24 (load of the electric generator) is 
increased to increase the high pressure side pressure, thereby 
increasing the volume flow rate of refrigerant flowing into the 
expander 6. 

The C0 2 refrigerant expanded by the sub-expander 23 and 
the expander 6 is introduced into the indoor heat exchanger 8 
through the second four-way valve 4, and is evaporated and 
suctions heat in the indoor heat exchanger 8. A room is cooled 
by the endotherm. The refrigerant which has been evaporated 
is drawn into the compressor 1 through the first four-way valve 
2. 
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Next, a heating operation mode in which the outdoor heat 
exchanger 3 is used as the evaporator and the indoor heat 
exchanger 8 is used as the gas cooler will be explained. A flow 
of a refrigerant in this heating operation mode is shown with 
dashed arrows in the drawing. 

Refrigerant at the time of the heating operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12, and is introduced into the indoor heat exchanger 8 
through the first four-way valve 2. In the indoor heat 
exchanger 8, since C0 2 refrigerant is in a supercritical state, 
the refrigerant is not brought into two-phase state, and 
dissipates heat to outside fluid such as air and water. A room 
is heated utilizing this radiation. Then, the CO2 refrigerant 
is introduced into the sub-expander 23 and the expander 6 and 
is expanded by the sub-expander 23 and the expander 6. Power 
recover by the expander 6 at the time of expanding operation 
is used for driving the auxiliary compressor 10. At that time, 
an optimal amount of refrigerant flowing into the expander 6 
is calculated from a high pressure refrigerant temperature and 
a high pressure refrigerant pressure detected on the side of 
an outlet of the indoor heat exchanger 8. If the volume flow 
rate is greater than the calculated optimal refrigerant amount, 
the opening of the bypass valve 7 is increased to increase the 
amount of refrigerant which is allowed to flow into the bypass 
circuit, thereby reducing the volume flow rate of refrigerant 
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flowing into the expander 6. If the volume flow rate is smaller 
than the calculated optimal refrigerant amount, torque of the 
electric generator 24 (load of the electric generator) is 
increased to increase the high pressure side pressure, thereby 
increasing the volume flow rate of refrigerant flowing into the 
expander 6. 

The C0 2 refrigerant expanded by the sub-expander 23 and 
the expander 6 is introduced into the outdoor heat exchanger 
3 through the second four-way valve 4, and is evaporated and 
suctions heat in the outdoor heat exchanger 3. The refrigerant 
which has been evaporated is drawn into the compressor 1 through 
the first four-way valve 2. 

As described above, according to this embodiment, the 
opening of the bypass valve 7 is changed to adjust the amount 
of refrigerant flowing through the bypass circuit, thereby 
controlling the amount of refrigerant flowing into the expander 
6, and torque of the electric generator 24 connected to the 
sub-expander 23 (i.e., load of the electric generator) is 
changed to adjust the high pressure side pressure, thereby 
controlling the amount of refrigerant flowing into the expander 
6. Therefore, it is possible to efficiently recover power in 
the expander 6. Power recover from the sub-expander 2 3 is 
utilized for generating electricity of the electric generator 
24, and it is possible to recover more power from the 
refrigeration cycle. 
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A refrigeration cycle apparatus of another embodiment 
of the present invention will be explained with reference to 
the drawing. 

Fig. 32 shows a structure of the heat pump type air 
conditioner of this embodiment. 

As shown in Fig. 32, the heat pump type air conditioner 
of this embodiment uses a C0 2 refrigerant as a refrigerant, and 
comprises a refrigerant circuit in which a compressor 1 having 
a motor 12, an outdoor heat exchanger 3, an expander 6, an indoor 
heat exchanger 8 and an auxiliary compressor 10 are connected 
to one another through pipes. 

The expander 6 is provided at its inflow side with a 

pre-expansion valve 5. 

A bypass circuit for bypassing the pre-expansion valve 
5 and the expander 6 is provided in parallel to the pre-expansion 
valve 5 and the expander 6 . The bypass circuit is provided with 
a sub-expander 21. The bypass circuit is connected to the 
second four-way valve 4 like the sub-expander 23 and the 
expander 6. 

A drive shaft of the expander 6 and a drive shaft of the 
auxiliary compressor 10 are connected to each other, and the 
auxiliary compressor 10 is driven by power recover by the 
expander 6. 

The refrigerant circuit includes a first four-way valve 
2 to which a discharge side pipe of the compressor 1 and a suction 
side pipe of the auxiliary compressor 10 are connected, and a 
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second four-way valve 4 to which a suction side pipe of the 
pre-expansion valve 5, a discharge side pipe of the expander 
6 and the bypass circuit are connected. 

The operation of the heat pump type cooling and heating 
air conditioner of this embodiment will be explained. 

First, a cooling operation mode in which the outdoor heat 
exchanger 3 is used as a gas cooler and the indoor heat exchanger 
8 is used as an evaporator will be explained. A flow of the 
refrigerant in the cooling operation mode is shown with solid 
arrows in the drawing. 

Refrigerant at the time of the cooling operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12, and is introduced into the outdoor heat exchanger 3 
through the first four-way valve 2. In the outdoor heat 
exchanger 3, since CO2 refrigerant is in a supercritical state, 
the refrigerant is not brought into two-phase state, and 
dissipates heat to outside fluid such as air and water. Then, 
the CO2 refrigerant is introduced into the pre-expansion valve 
5, the expander 6 and the sub-expander 21 and is expanded by 
the pre-expansion valve 5, the expander 6 and the sub-expander 
21. Power recover by the expander 6 at the time of expanding 
operation is used for driving the auxiliary compressor 10. At 
that time, an optimal amount of refrigerant flowing into the 
expander 6 is calculated from a high pressure refrigerant 
temperature and a high pressure refrigerant pressure detected 
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on the side of an outlet of the outdoor heat exchanger 3. If 
the volume flow rate is greater than the calculated optimal 
refrigerant amount, torque of the electric generator 22 (load 
of the electric generator) is reduced to increase the amount 
of refrigerant which is allowed to flow into the bypass circuit, 
thereby reducing the volume flow rate of refrigerant flowing 
into the expander 6. If the volume flow rate is smaller than 
the calculated optimal refrigerant amount, the opening of the 
pre-expansion valve 5 is reduced to increase the high pressure 
side pressure, thereby increasing the volume flow rate of 
refrigerant flowing into the expander 6. 

The C0 2 refrigerant expanded by the pre-expansion valve 
5 and the expander 6 or the CO2 refrigerant expanded by the 
sub-expander 21 is introduced into the indoor heat exchanger 
8 through the second four-way valve 4, and is evaporated and 
suctions heat in the indoor heat exchanger 8. A room is cooled 
by the endotherm. The refrigerant which has been evaporated 
is introduced into the auxiliary compressor 10 through the first 
four-way valve 2 and supercharged by the auxiliary compressor 
10 and drawn into the compressor 1. 

Next, a heating operation mode in which the outdoor heat 
exchanger 3 is used as the evaporator and the indoor heat 
exchanger 8 is used as the gas cooler will be explained. A flow 
of a refrigerant in this heating operation mode is shown with 
dashed arrows in the drawing. 
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Refrigerant at the time of the heating operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12, and is introduced into the indoor heat exchanger 8 
through the first four-way valve 2. In the indoor heat 
exchanger 8, since CO2 refrigerant is in a supercritical state, 
the refrigerant is not brought into two-phase state, and 
dissipates heat to outside fluid such as air and water. A room 
is heated utilizing this radiation. Then, the CO2 refrigerant 
is introduced into the pre-expansion valve 5, the expander 6 
and the sub-expander 21 and is expanded by the pre-expansion 
valve 5, the expander 6 and the sub-expander 21. Power recover 
by the expander 6 at the time of expanding operation is used 
for driving the auxiliary compressor 10. At that time, an 
optimal amount of refrigerant flowing into the expander 6 is 
calculated from a high pressure refrigerant temperature and a 
high pressure refrigerant pressure detected on the side of an 
outlet of the indoor heat exchanger 8. If the volume flow rate 
is greater than the calculated optimal refrigerant amount, 
torque of the electric generator 22 (load of the electric 
generator) is reduced to increase the amount of refrigerant 
which is allowed to flow into the bypass circuit, thereby 
reducing the volume flow rate of refrigerant flowing into the 
expander 6. If the volume flow rate is smaller than the 
calculated optimal refrigerant amount, the opening of the 
pre-expansion valve 5 is reduced to increase the high pressure 
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side pressure, thereby increasing the volume flow rate of 
refrigerant flowing into the expander 6. 

The C0 2 refrigerant expanded by the pre-expansion valve 
5 and the expander 6 or the C0 2 refrigerant expanded by the 
sub-expander 21 is introduced into the outdoor heat exchanger 
3 through the second four-way valve 4, and is evaporated and 
suctions heat in the outdoor heat exchanger 3. The refrigerant 
which has been evaporated is introduced into the auxiliary 
compressor 10 through the first four-way valve 2 and 
supercharged by the auxiliary compressor 10 and drawn into the 
compressor 1. 

As described above, according to this embodiment, the 
torque of the electric generator 22 (i.e., load of the electric 
generator) is changed to adjust the amount of refrigerant 
flowing through the bypass circuit, thereby controlling the 
amount of refrigerant flowing through the expander 6, and the 
opening of the pre-expansion valve 5 is changed to adjust the 
high pressure side pressure, thereby controlling the amount of 
refrigerant flowing into the expander 6. Therefore, it is 
possible to efficiently recover power in the expander 6. Power 
recover from the sub-expander 21 and the sub-expander 23 is 
utilized for generating electricity of the electric generator 
22, and it is possible to recover more power from the 
refrigeration cycle . 
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A refrigeration cycle apparatus of another embodiment 
of the present invention will be explained with reference to 
the drawing. 

Fig. 33 shows a structure of the heat pump type air 
conditioner of this embodiment. 

As shown in Fig. 33, the heat pump type air conditioner 
of this embodiment uses a CO2 refrigerant as a refrigerant, and 
comprises a refrigerant circuit in which a compressor 1 having 
a motor 12, an auxiliary compressor 10, an outdoor heat 
exchanger 3, an expander 6 and an indoor heat exchanger 8 are 
connected to one another through pipes. 

The expander 6 is provided at its inflow side with a 
pre-expansion valve 5. 

A bypass circuit for bypassing the pre-expansion valve 
5 and the expander 6 is provided in parallel to the pre-expansion 
valve 5 and the expander 6. The bypass circuit is provided with 
a sub-expander 21. The bypass circuit is connected to the 
second four-way valve 4 like the sub-expander 23 and the 
expander 6. 

A drive shaft of the expander 6 and a drive shaft of the 
auxiliary compressor 10 are connected to each other, and the 
auxiliary compressor 10 is driven by power recover by the 
expander 6. 

The refrigerant circuit includes a first four-way valve 
2 to which a suction side pipe of the compressor 1 and a discharge 
side pipe of the auxiliary compressor 10 are connected, and a 
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second four-way valve 4 to which a suction side pipe of the 
sub-expander 23, a discharge side pipe of the expander 6 and 
the bypass circuit are connected. 

The operation of the heat pump type cooling and heating 
air conditioner of this embodiment will be explained. 

First, a cooling operation mode in which the outdoor heat 
exchanger 3 is used as a gas cooler and the indoor heat exchanger 
8 is used as an evaporator will be explained. A flow of the 
refrigerant in the cooling operation mode is shown with solid 
arrows in the drawing. 

Refrigerant at the time of the cooling operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12, and is introduced into the outdoor heat exchanger 3 
through the first four-way valve 2. In the outdoor heat 
exchanger 3, since C0 2 refrigerant is in a supercritical state, 
the refrigerant is not brought into two-phase state, and 
dissipates heat to outside fluid such as air and water. Then, 
the C0 2 refrigerant is introduced into the pre-expansion valve 
5, the expander 6 and the sub-expander 21 and is expanded by 
the pre-expansion valve 5, the expander 6 and the sub-expander 
21. Power recover by the expander 6 at the time of expanding 
operation is used for driving the auxiliary compressor 10. At 
that time, an optimal amount of refrigerant flowing into the 
expander 6 is calculated from a high pressure refrigerant 
temperature and a high pressure refrigerant pressure detected 
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on the side of an outlet of the outdoor heat exchanger 3. If 
the volume flow rate is greater than the calculated optimal 
refrigerant amount, torque of the electric generator 22 (load 
of the electric generator) is reduced to increase the amount 
of refrigerant which is allowed to flow into the bypass circuit, 
thereby reducing the volume flow rate of refrigerant flowing 
into the expander 6. If the volume flow rate is smaller than 
the calculated optimal refrigerant amount, the opening of the 
pre-expansion valve 5 is reduced to increase the high pressure 
side pressure, thereby increasing the volume flow rate of 
refrigerant flowing into the expander 6. 

The C0 2 refrigerant expanded by the pre-expansion valve 
5 and the expander 6 or the C0 2 refrigerant expanded by the 
sub-expander 21 is introduced into the indoor heat exchanger 
8 through the second four-way valve 4, and is evaporated and 
suctions heat in the indoor heat exchanger 8. A room is cooled 
by this endotherm. The refrigerant which has been evaporated 
is drawn into the compressor 1 through the first four-way valve 
2. 

Next, a heating operation mode in which the outdoor heat 
exchanger 3 is used as the evaporator and the indoor heat 
exchanger 8 is used as the gas cooler will be explained. A flow 
of a refrigerant in this heating operation mode is shown with 
dashed arrows in the drawing. 

Refrigerant at the time of the heating operation mode 
is compressed at a high temperature and under a high pressure 



144 



and is discharged by the compressor 1 which is driven by the 
motor 12, and is introduced into the indoor heat exchanger 8 
through the first four-way valve 2. In the indoor heat 
exchanger 8, since C0 2 refrigerant is in a supercritical state, 
the refrigerant is not brought into two-phase state, and 
dissipates heat to outside fluid such as air and water. A room 
is heated utilizing this radiation. Then, the C0 2 refrigerant 
is introduced into the pre-expansion valve 5, the expander 6 
and the sub-expander 21 and is expanded by the pre-expansion 
valve 5, the expander 6 and the sub-expander 21. Power recover 
by the expander 6 at the time of expanding operation is used 
for driving the auxiliary compressor 10. At that time, an 
optimal amount of refrigerant flowing into the expander 6 is 
calculated from a high pressure refrigerant temperature and a 
high pressure refrigerant pressure detected on the side of an 
outlet of the indoor heat exchanger 8. If the volume flow rate 
is greater than the calculated optimal refrigerant amount, 
torque of the electric generator 22 (load of the electric 
generator) is reduced to increase the amount of refrigerant 
which is allowed to flow into the bypass circuit, thereby 
reducing the volume flow rate of refrigerant flowing into the 
expander 6. If the volume flow rate is smaller than the 
calculated optimal refrigerant amount, the opening of the 
pre-expansion valve 5 is reduced to increase the high pressure 
side pressure, thereby increasing the volume flow rate of 
refrigerant flowing into the expander 6. 
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The C0 2 refrigerant expanded by the pre-expansion valve 
5 and the expander 6 or the CO2 refrigerant expanded by the 
sub-expander 21 is introduced into the outdoor heat exchanger 
3 through the second four-way valve 4, and is evaporated and 
suctions heat in the outdoor heat exchanger 3. The refrigerant 
which has been evaporated is drawn into the compressor 1 through 
the first four-way valve 2. 

As described above, according to this embodiment, the 
torque of the electric generator 22 (i.e., load of the electric 
generator) is changed to adjust the amount of refrigerant 
flowing through the bypass circuit, thereby controlling the 
amount of refrigerant flowing through the expander 6, and the 
opening of the pre-expansion valve 5 is changed to adjust the 
high pressure side pressure, thereby controlling the amount of 
refrigerant flowing into the expander 6. Therefore, it is 
possible to efficiently recover power in the expander 6. Power 
recover from the sub-expander 21 and the sub-expander 23 is 
utilized for generating electricity of the electric generator 
22, and it is possible to recover more power from the 
refrigeration cycle . 

A refrigeration cycle apparatus of another embodiment 
of the present invention will be explained with reference to 
the drawing. 

Fig. 34 shows a structure of the heat pump type air 
conditioner of this embodiment. 



146 



As shown in Fig. 34 , the heat pump type air conditioner 
of this embodiment uses a C0 2 refrigerant as a refrigerant, and 
comprises a refrigerant circuit in which a compressor 1 having 
a motor 12, an outdoor heat exchanger 3, an expander 6, an indoor 
heat exchanger 8 and an auxiliary compressor 10 are connected 
to one another through pipes. 

The expander 6 is provided at its inflow side with a 
sub-expander 23, and an electric generator 22 is connected to 
a drive shaft of this sub-expander 23. 

A bypass circuit for bypassing the sub-expander 23 and 
the expander 6 is provided in parallel to the sub-expander 23 
and the expander 6. The bypass circuit is provided with a 
sub-expander 21. The bypass circuit is connected to the second 
four-way valve 4 like the sub-expander 23 and the expander 6. 

Here, the electric generator 22 includes a clutch 
mechanism which is connected to one of the sub-expander 21 and 
the sub-expander 23. The bypass circuit is provided at its 
inflow side with a flow path valve 25. 

A drive shaft of the expander 6 and a drive shaft of the 
auxiliary compressor 10 are connected to each other, and the 
auxiliary compressor 10 is driven by power recover by the 
expander 6. 

The refrigerant circuit includes a first four-way valve 
2 to which a discharge side pipe of the compressor 1 and a suction 
side pipe of the auxiliary compressor 10 are connected, and a 
second four-way valve 4 to which a suction side pipe of the 
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sub-expander 23, a discharge side pipe of the expander 6 and 
the bypass circuit are connected. 

The operation of the heat pump type cooling and heating 
air conditioner of this embodiment will be explained. 

First, a cooling operation mode in which the outdoor heat 
exchanger 3 is used as a gas cooler and the indoor heat exchanger 
8 is used as an evaporator will be explained. A flow of the 
refrigerant in the cooling operation mode is shown with solid 
arrows in the drawing. 

Refrigerant at the time of the cooling operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12. The refrigerant is introduced into the outdoor heat 
exchanger 3. In the outdoor heat exchanger 3, since C0 2 
refrigerant is in a supercritical state, the refrigerant is not 
brought into two-phase state, and dissipates heat to outside 
fluid such as air and water. Then, the C0 2 refrigerant is 
introduced into the sub-expander 23 and the expander 6 is 
expanded by the sub-expander 23 and the expander 6. Power 
recover by the expander 6 at the time of expanding operation 
is used for driving the auxiliary compressor 10. At that time, 
an optimal amount of refrigerant flowing into the expander 6 
is calculated from a high pressure refrigerant temperature and 
a high pressure refrigerant pressure detected on the side of 
an outlet of the outdoor heat exchanger 3. If the volume flow 
rate is greater than the calculated optimal refrigerant amount, 
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the flow path valve 25 is opened, the electric generator 22 is 
connected to the sub-expander 21 to allow refrigerant to flow 
into the bypass circuit, thereby reducing the volume flow rate 
of refrigerant flowing into the expander 6. In this case, the 
sub-expander 23 is not allowed to operate. It is preferable 
that torque of the electric generator 22 is adjusted to change 
the bypass amount. If the volume flow rate is smaller than the 
calculated optimal refrigerant amount, the flow path valve 25 
is closed, the electric generator 22 is connected to the 
sub-expander 23, the high pressure side pressure is increased, 
and the volume flow rate of refrigerant flowing into the 
expander 6 is increased. In this case, the sub-expander 21 is 
not allowed to operate. It is preferable that torque of the 
electric generator 22 is adjusted to change the high pressure 
side pressure. 

The C0 2 refrigerant expanded by the sub-expander 23 and 
the expander 6 or the C0 2 refrigerant expanded by the 
sub-expander 21 and the expander 6 is introduced into the indoor 
heat exchanger 8 through the second four-way valve 4 and is 
evaporated and suctions heat in the indoor heat exchanger 8. 
A room is cooled by this endotherm. The refrigerant which has 
been evaporated is introduced into the auxiliary compressor 10 
through the first four-way valve 2 and is drawn into the 
compressor 1. 

Next, a heating operation mode in which the outdoor heat 
exchanger 3 is used as the evaporator and the indoor heat 
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exchanger 8 is used as the gas cooler will be explained. A flow 
of a refrigerant in this heating operation mode is shown with 
dashed arrows in the drawing. 

Refrigerant at the time of the heating operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12. The refrigerant is introduced into the indoor heat 
exchanger 8 through the first four-way valve 2. In the indoor 
heat exchanger 8, since C0 2 refrigerant is in a supercritical 
state, the refrigerant is not brought into two-phase state, and 
dissipates heat to outside fluid such as air and water. A room 
is heated utilizing this radiation. Then, the CO2 refrigerant 
is introduced into the sub-expander 23 and the expander 6, and 
is expanded by the sub-expander 23 and the expander 6. Power 
recover by the expander 6 at the time of expanding operation 
is used for driving the auxiliary compressor 10. At that time, 
an optimal amount of refrigerant flowing into the expander 6 
is calculated from a high pressure refrigerant temperature and 
a high pressure refrigerant pressure detected on the side of 
an outlet of the indoor heat exchanger 8. If the volume flow 
rate is greater than the calculated optimal refrigerant amount, 
the flow path valve 25 is opened, the electric generator 22 is 
connected to the sub-expander 21 to allow refrigerant to flow 
into the bypass circuit, thereby reducing the volume flow rate 
of refrigerant flowing into the expander 6. In this case, the 
sub-expander 23 is not allowed to operate. It is preferable 
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that torque of the electric generator 22 is adjusted to change 
the bypass amount. If the volume flow rate is smaller than the 
calculated optimal refrigerant amount, the flow path valve 25 
is closed, the electric generator 22 is connected to the 
sub-expander 23, the high pressure side pressure is increased, 
and the volume flow rate of refrigerant flowing into the 
expander 6 is increased. In this case, the sub-expander 21 is 
not allowed to operate. It is preferable that torque of the 
electric generator 22 is adjusted to change the high pressure 
side pressure. 

The C0 2 refrigerant expanded by the sub-expander 23 and 
the expander 6 or the C0 2 refrigerant expanded by the 
sub-expander 21 and the expander 6 is introduced into the 
outdoor heat exchanger 3 through the second four-way valve 4 
and is evaporated and suctions heat in the outdoor heat 
exchanger 3. The refrigerant which has been evaporated is 
introduced into the auxiliary compressor 10 through the first 
four-way valve 2, supercharged by the auxiliary compressor 10 
and drawn into the compressor 1. 

As described above, according to this embodiment, the 
open/close valve 25 is opened, the sub-expander 21 is connected 
to the electric generator 22, thereby adjusting the amount of 
refrigerant flowing through the bypass circuit, and it is 
possible to control the amount of refrigerant flowing into the 
expander 6. The open/close valve 25 is closed, torque of the 
electric generator 24 connected to the sub-expander 23 (load 
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of the electric generator) is changed to adjust the high 
pressure side pressure, and it is possible to control the amount 
of refrigerant flowing into the expander 6, Therefore, it is 
possible to efficiently recover power in the expander 6. Power 
recover from the sub-expander 21 or the sub-expander 23 is 
utilized for generating electricity of the electric generators 
22 and 24 , and it is possible to recover more power from the 
refrigeration cycle . 

A refrigeration cycle apparatus of another embodiment 
of the present invention will be explained with reference to 
the drawing. 

Fig. 35 shows a structure of the heat pump type air 
conditioner of this embodiment. 

As shown in Fig. 35, the heat pump type air conditioner 
of this embodiment uses a C0 2 refrigerant as a refrigerant, and 
comprises a refrigerant circuit in which a compressor 1 having 
a motor 12, an auxiliary compressor 10, an outdoor heat 
exchanger 3, an expander 6 and an indoor heat exchanger 8 are 
connected to one another through pipes. 

The expander 6 is provided at its inflow side with a 
sub-expander 23, and an electric generator 22 is connected to 
a drive shaft of this sub-expander 23. 

A bypass circuit for bypassing the sub-expander 23 and 
the expander 6 is provided in parallel to the sub-expander 23 
and the expander 6. The bypass circuit is provided with a 
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sub-expander 21. The bypass circuit is connected to the second 
four-way valve 4 like the sub-expander 23 and the expander 6. 

Here, the electric generator 22 includes a clutch 
mechanism which is connected to one of the sub-expander 21 and 
the sub-expander 23. The bypass circuit is provided at its 
inflow side with a flow path valve 25. 

A drive shaft of the expander 6 and a drive shaft of the 
auxiliary compressor 10 are connected to each other, and the 
auxiliary compressor 10 is driven by power recover by the 
expander 6. 

The refrigerant circuit includes a first four-way valve 
2 to which a suction side pipe of the compressor 1 and a discharge 
side pipe of the auxiliary compressor 10 are connected, and a 
second four-way valve 4 to which a suction side pipe of the 
sub-expander 23, a discharge side pipe of the expander 6 and 
the bypass circuit are connected. 

The operation of the heat pump type cooling and heating 
air conditioner of this embodiment will be explained. 

First, a cooling operation mode in which the outdoor heat 
exchanger 3 is used as a gas cooler and the indoor heat exchanger 
8 is used as an evaporator will be explained. A flow of the 
refrigerant in the cooling operation mode is shown with solid 
arrows in the drawing. 

Refrigerant at the time of the cooling operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
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motor 12, and is introduced into the outdoor heat exchanger 3 
through the first four-way valve 2. In the outdoor heat 
exchanger 3, since C0 2 refrigerant is in a supercritical state, 
the refrigerant is not brought into two-phase state, and 
dissipates heat to outside fluid such as air and water. Then, 
the C0 2 refrigerant is introduced into the sub-expander 23 and 
the expander 6 and is expanded by the sub-expander 23 and the 
expander 6. Power recover by the expander 6 at the time of 
expanding operation is used for driving the auxiliary 
compressor 10. At that time, an optimal amount of refrigerant 
flowing into the expander 6 is calculated from a high pressure 
refrigerant temperature and a high pressure refrigerant 
pressure detected on the side of an outlet of the outdoor heat 
exchanger 3. If the volume flow rate is greater than the 
calculated optimal refrigerant amount, the flow path valve 25 
is opened, the electric generator 22 is connected to the 
sub-expander 21 to allow refrigerant to flow into the bypass 
circuit, thereby reducing the volume flow rate of refrigerant 
flowing into the expander 6. In this case, the sub-expander 
23 is not allowed to operate. It is preferable that torque of 
the electric generator 22 is adjusted to change the bypass 
amount. If the volume flow rate is smaller than the calculated 
optimal refrigerant amount, the flow path valve 25 is closed, 
the electric generator 22 is connected to the sub-expander 23, 
the high pressure side pressure is increased, and the volume 
flow rate of refrigerant flowing into the expander 6 is 
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increased. In this case, the sub-expander 21 is not allowed 
to operate. It is preferable that torque of the electric 
generator 22 is adjusted to change the high pressure side 
pressure . 

The C0 2 refrigerant expanded by the sub-expander 23 and 
the expander 6 or the C0 2 refrigerant expanded by the 
sub-expander 21 and the expander 6 is introduced into the indoor 
heat exchanger 8 through the second four-way valve 4 and is 
evaporated and suctions heat in the indoor heat exchanger 8. 
A room is cooled by this endotherm. The refrigerant which has 
been evaporated is drawn into the compressor 1 through the first 
four-way valve 2. 

Next, a heating operation mode in which the outdoor heat 
exchanger 3 is used as the evaporator and the indoor heat 
exchanger 8 is used as the gas cooler will be explained. A flow 
of a refrigerant in this heating operation mode is shown with 
dashed arrows in the drawing. 

Refrigerant at the time of the heating operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12, and is introduced into the indoor heat exchanger 8 
through the first four-way valve 2. In the indoor heat 
exchanger 8, since C0 2 refrigerant is in a supercritical state, 
the refrigerant is not brought into two-phase state, and 
dissipates heat to outside fluid such as air and water. A room 
is heated utilizing this radiation. Then, the C0 2 refrigerant 
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is introduced into the sub-expander 23 and the expander 6, and 
is expanded by the sub-expander 23 and the expander 6. Power 
recover by the expander 6 at the time of expanding operation 
is used for driving the auxiliary compressor 10. At that time, 
an optimal amount of refrigerant flowing into the expander 6 
is calculated from a high pressure refrigerant temperature and 
a high pressure refrigerant pressure detected on the side of 
an outlet of the indoor heat exchanger 8. If the volume flow 
rate is greater than the calculated optimal refrigerant amount, 
the flow path valve 25 is opened, the electric generator 22 is 
connected to the sub-expander 21 to allow refrigerant to flow 
into the bypass circuit, thereby reducing the volume flow rate 
of refrigerant flowing into the expander 6. In this case, the 
sub-expander 23 is not allowed to operate. It is preferable 
that torque of the electric generator 22 is adjusted to change 
the bypass amount. If the volume flow rate is smaller than the 
calculated optimal refrigerant amount, the flow path valve 25 
is closed, the electric generator 22 is connected to the 
sub-expander 23, the high pressure side pressure is increased, 
and the volume flow rate of refrigerant flowing into the 
expander 6 is increased. In this case, the sub-expander 21 is 
not allowed to operate. It is preferable that torque of the 
electric generator 22 is adjusted to change the high pressure 
side pressure. 

The C0 2 refrigerant expanded by the sub-expander 23 and 
the expander 6 or the C0 2 refrigerant expanded by the 
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sub-expander 21 and the expander 6 is introduced into the 
outdoor heat exchanger 3 through the second four-way valve 4 
and is evaporated and suctions heat in the outdoor heat 
exchanger 3. The refrigerant which has been evaporated is drawn 
into the compressor 1 through the first four-way valve 2. 

As described above, according to this embodiment, the 
open/close valve 25 is opened, the sub-expander 21 is connected 
to the electric generator 22, thereby adjusting the amount of 
refrigerant flowing through the bypass circuit, and it is 
possible to control the amount of refrigerant flowing into the 
expander 6. The open/close valve 25 is closed, torque of the 
electric generator 24 connected to the sub-expander 23 (load 
of the electric generator) is changed to adjust the high 
pressure side pressure, and it is possible to control the amount 
of refrigerant flowing into the expander 6. Therefore, it is 
possible to efficiently recover power in the expander 6. Power 
recover from the sub-expander 21 or the sub-expander 23 is 
utilized for generating electricity of the electric generators 
22 and 24, and it is possible to recover more power from the 
refrigeration cycle . 

A refrigeration cycle apparatus of another embodiment 
of the present invention will be explained with reference to 
the drawing. 

Fig. 36 shows a structure of the heat pump type air 
conditioner of this embodiment. 
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As shown in Fig. 36, the heat pump type air conditioner 
of this embodiment uses a C0 2 refrigerant as a refrigerant, and 
comprises a refrigerant circuit in which a compressor 1 having 
a motor 12, an outdoor heat exchanger 3, an expander 6, an indoor 
heat exchanger 8 and an auxiliary compressor 10 are connected 
to one another through pipes. 

The expander 6 is provided at its discharge side with 
a sub-expander 23, and an electric generator 22 is connected 
to a drive shaft of this sub-expander 23. 

A bypass circuit for bypassing the sub-expander 23 and 
the expander 6 is provided in parallel to the sub-expander 23 
and the expander 6. The bypass circuit is provided with a 
sub-expander 21. The bypass circuit is connected to the second 
four-way valve 4 like the sub-expander 23 and the expander 6. 

Here, the electric generator 22 includes a clutch 
mechanism which is connected to one of the sub-expander 21 and 
the sub-expander 23. The bypass circuit is provided at its 
inflow side with a flow path valve 25. 

A drive shaft of the expander 6 and a drive shaft of the 
auxiliary compressor 10 are connected to each other, and the 
auxiliary compressor 10 is driven by power recover by the 
expander 6. 

The refrigerant circuit includes a first four-way valve 
2 to which a discharge side pipe of the compressor 1 and a suction 
side pipe of the auxiliary compressor 10 are connected, and a 
second four-way valve 4 to which a discharge side pipe of the 
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sub-expander 23, a inflow side pipe of the expander 6 and the 
bypass circuit are connected. 

The operation of the heat pump type cooling and heating 
air conditioner of this embodiment will be explained. 

First, a cooling operation mode in which the outdoor heat 
exchanger 3 is used as a gas cooler and the indoor heat exchanger 
8 is used as an evaporator will be explained. A flow of the 
refrigerant in the cooling operation mode is shown with solid 
arrows in the drawing. 

Refrigerant at the time of the cooling operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12. The refrigerant is introduced into the outdoor heat 
exchanger 3. In the outdoor heat exchanger 3, since CO2 
refrigerant is in a supercritical state, the refrigerant is not 
brought into two-phase state, and dissipates heat to outside 
fluid such as air and water. Then, the C0 2 refrigerant is 
introduced into the expander 6 and the sub-expander 23 is 
expanded by the expander 6 and the sub-expander 23. Power 
recover by the expander 6 at the time of expanding operation 
is used for driving the auxiliary compressor 10. At that time, 
an optimal amount of refrigerant flowing into the expander 6 
is calculated from a high pressure refrigerant temperature and 
a high pressure refrigerant pressure detected on the side of 
an outlet of the outdoor heat exchanger 3. If the volume flow 
rate is greater than the calculated optimal refrigerant amount, 
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the flow path valve 25 is opened, the electric generator 22 is 
connected to the sub-expander 21 to allow refrigerant to flow 
into the bypass circuit, thereby reducing the volume flow rate 
of refrigerant flowing into the expander 6. In this case, the 
sub-expander 23 is not allowed to operate. It is preferable 
that torque of the electric generator 22 is adjusted to change 
the bypass amount. If the volume flow rate is smaller than the 
calculated optimal refrigerant amount, the flow path valve 25 
is closed, the electric generator 22 is connected to the 
sub-expander 23, the low pressure side pressure is reduced, and 
the volume flow rate of refrigerant flowing into the expander 
6 is increased. In this case, the sub-expander 21 is not allowed 
to operate. It is preferable that torque of the electric 
generator 22 is adjusted to change the low pressure side 
pressure . 

The C0 2 refrigerant expanded by the sub-expander 23 and 
the expander 6 or the C0 2 refrigerant expanded by the 
sub-expander 21 and the expander 6 is introduced into the indoor 
heat exchanger 8 through the second four-way valve 4 and is 
evaporated and suctions heat in the indoor heat exchanger 8. 
A room is cooled by this endotherm. The refrigerant which has 
been evaporated is introduced into the auxiliary compressor 10 
through the first four-way valve 2 and is drawn into the 
compressor 1. 

Next, a heating operation mode in which the outdoor heat 
exchanger 3 is used as the evaporator and the indoor heat 
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exchanger 8 is used as the gas cooler will be explained. A flow 
of a refrigerant in this heating operation mode is shown with 
dashed arrows in the drawing. 

Refrigerant at the time of the heating operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12. The refrigerant is introduced into the indoor heat 
exchanger 8 through the first four-way valve 2. In the indoor 
heat exchanger 8, since C0 2 refrigerant is in a supercritical 
state, the refrigerant is not brought into two-phase state, and 
dissipates heat to outside fluid such as air and water. A room 
is heated utilizing this radiation. Then, the C0 2 refrigerant 
is introduced into the expander 6 and the sub-expander 23, and 
is expanded by the expander 6 and the sub-expander 23. Power 
recover by the expander 6 at the time of expanding operation 
is used for driving the auxiliary compressor 10. At that time, 
an optimal amount of refrigerant flowing into the expander 6 
is calculated from a high pressure refrigerant temperature and 
a high pressure refrigerant pressure detected on the side of 
an outlet of the indoor heat exchanger 8. If the volume flow 
rate is greater than the calculated optimal refrigerant amount, 
the flow path valve 25 is opened, the electric generator 22 is 
connected to the sub-expander 21 to allow refrigerant to flow 
into the bypass circuit, thereby reducing the volume flow rate 
of refrigerant flowing into the expander 6. In this case, the 
sub-expander 23 is not allowed to operate. It is preferable 
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that torque of the electric generator 22 is adjusted to change 
the bypass amount. If the volume flow rate is smaller than the 
calculated optimal refrigerant amount, the flow path valve 25 
is closed, the electric generator 22 is connected to the 
sub-expander 23, the low pressure side pressure is reduced, and 
the volume flow rate of refrigerant flowing into the expander 
6 is increased. In this case, the sub-expander 21 is not allowed 
to operate. It is preferable that torque of the electric 
generator 22 is adjusted to change the low pressure side 
pressure . 

The C0 2 refrigerant expanded by the sub-expander 23 and 
the expander 6 or the C0 2 refrigerant expanded by the 
sub-expander 21 and the expander 6 is introduced into the 
outdoor heat exchanger 3 through the second four-way valve 4 
and is evaporated and suctions heat in the outdoor heat 
exchanger 3. The refrigerant which has been evaporated is 
introduced into the auxiliary compressor 10 through the first 
four-way valve 2, supercharged by the auxiliary compressor 10 
and drawn into the compressor 1 . 

As described above, according to this embodiment, the 
open/close valve 25 is opened, the sub-expander 21 is connected 
to the electric generator 22, thereby adjusting the amount of 
refrigerant flowing through the bypass circuit, and it is 
possible to control the amount of refrigerant flowing into the 
expander 6. The open/close valve 25 is closed, torque of the 
electric generator 22 connected to the sub-expander 23 (load 
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of the electric generator) is changed to adjust the low pressure 
side pressure, and it is possible to control the amount of 
refrigerant flowing into the expander 6. Therefore, it is 
possible to efficiently recover power in the expander 6. Power 
recover from the sub-expander 21 or the sub-expander 23 is 
utilized for generating electricity of the electric generator 
22, and it is possible to recover more power from the 
refrigeration cycle. 

A refrigeration cycle apparatus of another embodiment 
of the present invention will be explained with reference to 
the drawing. 

Fig. 37 shows a structure of the heat pump type air 
conditioner of this embodiment. 

As shown in Fig. 37, the heat pump type air conditioner 
of this embodiment uses a C0 2 refrigerant as a refrigerant, and 
comprises a refrigerant circuit in which a compressor 1 having 
a motor 12, an auxiliary compressor 10, an outdoor heat 
exchanger 3, an expander 6, and an indoor heat exchanger 8 are 
connected to one another through pipes. 

The expander 6 is provided at its discharge side with 
a sub-expander 23, and an electric generator 22 is connected 
to a drive shaft of this sub-expander 23. 

A bypass circuit for bypassing the sub-expander 23 and 
the expander 6 is provided in parallel to the sub-expander 23 
and the expander 6. The bypass circuit is provided with a 
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sub-expander 21. The bypass circuit is connected to the second 
four-way valve 4 like the sub-expander 23 and the expander 6. 

Here, the electric generator 22 includes a clutch 
mechanism which is connected to one of the sub-expander 21 and 
the sub-expander 23. The bypass circuit is provided at its 
inflow side with a flow path valve 25. 

A drive shaft of the expander 6 and a drive shaft of the 
auxiliary compressor 10 are connected to each other, and the 
auxiliary compressor 10 is driven by power recover by the 
expander 6. 

The refrigerant circuit includes a first four-way valve 
2 to which a suction side pipe of the compressor 1 and a discharge 
side pipe of the auxiliary compressor 10 are connected, and a 
second four-way valve 4 to which a discharge side pipe of the 
sub-expander 23, a inflow side pipe of the expander 6 and the 
bypass circuit are connected. 

The operation of the heat pump type cooling and heating 
air conditioner of this embodiment will be explained. 

First, a cooling operation mode in which the outdoor heat 
exchanger 3 is used as a gas cooler and the indoor heat exchanger 
8 is used as an evaporator will be explained. A flow of the 
refrigerant in the cooling operation mode is shown with solid 
arrows in the drawing. 

Refrigerant at the time of the cooling operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
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motor 12, and is introduced into the outdoor heat exchanger 3 
through the first four-way valve 2. In the outdoor heat 
exchanger 3, since CO2 refrigerant is in a supercritical state, 
the refrigerant is not brought into two-phase state, and 
dissipates heat to outside fluid such as air and water. Then, 
the C0 2 refrigerant is introduced into the expander 6 and the 
sub-expander 23 and is expanded by the expander 6 and the 
sub-expander 23. Power recover by the expander 6 at the time 
of expanding operation is used for driving the auxiliary 
compressor 10. At that time, an optimal amount of refrigerant 
flowing into the expander 6 is calculated from a high pressure 
refrigerant temperature and a high pressure refrigerant 
pressure detected on the side of an outlet of the outdoor heat 
exchanger 3. If the volume flow rate is greater than the 
calculated optimal refrigerant amount, the flow path valve 25 
is opened, the electric generator 22 is connected to the 
sub-expander 21 to allow refrigerant to flow into the bypass 
circuit, thereby reducing the volume flow rate of refrigerant 
flowing into the expander 6. In this case, the sub-expander 
23 is not allowed to operate. It is preferable that torque of 
the electric generator 22 is adjusted to change the bypass 
amount. If the volume flow rate is smaller than the calculated 
optimal refrigerant amount, the flow path valve 25 is closed, 
the electric generator 22 is connected to the sub-expander 23, 
the low pressure side pressure is reduced, and the volume flow 
rate of refrigerant flowing into the expander 6 is increased. 
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In this case, the sub-expander 21 is not allowed to operate. 
It is preferable that torque of the electric generator 22 is 
adjusted to change the low pressure side pressure. 

The C0 2 refrigerant expanded by the sub-expander 23 and 
the expander 6 or the C0 2 refrigerant expanded by the 
sub-expander 21 and the expander 6 is introduced into the indoor 
heat exchanger 8 through the second four-way valve 4 and is 
evaporated and suctions heat in the indoor heat exchanger 8. 
A room is cooled by this endotherm. The refrigerant which has 
been evaporated is drawn into the compressor 1 through the first 
four-way valve 2. 

Next, a heating operation mode in which the outdoor heat 
exchanger 3 is used as the evaporator and the indoor heat 
exchanger 8 is used as the gas cooler will be explained. A flow 
of a refrigerant in this heating operation mode is shown with 
dashed arrows in the drawing. 

Refrigerant at the time of the heating operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12, and is introduced into the indoor heat exchanger 8 
through the first four-way valve 2. In the indoor heat 
exchanger 8, since C0 2 refrigerant is in a supercritical state, 
the refrigerant is not brought into two-phase state, and 
dissipates heat to outside fluid such as air and water. A room 
is heated utilizing this radiation. Then, the C0 2 refrigerant 
is introduced into the expander 6 and the sub-expander 23, and 
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is expanded by the expander 6 and the sub-expander 23. Power 
recover by the expander 6 at the time of expanding operation 
is used for driving the auxiliary compressor 10. At that time, 
an optimal amount of refrigerant flowing into the expander 6 
is calculated from a high pressure refrigerant temperature and 
a high pressure refrigerant pressure detected on the side of 
an outlet of the indoor heat exchanger 8. If the volume flow 
rate is greater than the calculated optimal refrigerant amount, 
the flow path valve 25 is opened, the electric generator 22 is 
connected to the sub-expander 21 to allow refrigerant to flow 
into the bypass circuit, thereby reducing the volume flow rate 
of refrigerant flowing into the expander 6. In this case, the 
sub-expander 23 is not allowed to operate. It is preferable 
that torque of the electric generator 22 is adjusted to change 
the bypass amount. If the volume flow rate is smaller than the 
calculated optimal refrigerant amount, the flow path valve 25 
is closed, the electric generator 22 is connected to the 
sub-expander 23, the low pressure side pressure is reduced, and 
the volume flow rate of refrigerant flowing into the expander 
6 is increased. In this case, the sub-expander 21 is not allowed 
to operate. It is preferable that torque of the electric 
generator 22 is adjusted to change the low pressure side 
pressure. 

The C0 2 refrigerant expanded by the sub-expander 23 and 
the expander 6 or the C0 2 refrigerant expanded by the 
sub-expander 21 and the expander 6 is introduced into the 
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outdoor heat exchanger 3 through the second four-way valve 4 
and is evaporated and suctions heat in the outdoor heat 
exchanger 3 . The refrigerant which has been evaporated is drawn 
into the compressor 1 through the first four-way valve 2. 

As described above, according to this embodiment, the 
open/close valve 25 is opened, the sub-expander 21 is connected 
to the electric generator 22, thereby adjusting the amount of 
refrigerant flowing through the bypass circuit, and it is 
possible to control the amount of refrigerant flowing into the 
expander 6. The open/close valve 25 is closed, torque of the 
electric generator 24 connected to the sub-expander 23 (load 
of the electric generator) is changed to adjust the low pressure 
side pressure, and it is possible to control the amount of 
refrigerant flowing into the expander 6. Therefore, it is 
possible to efficiently recover power in the expander 6. Power 
recover from the sub-expander 21 or the sub-expander 23 is 
utilized for generating electricity of the electric generator 
22, and it is possible to recover more power from the 
refrigeration cycle . 

A refrigeration cycle apparatus of another embodiment 
of the present invention will be explained with reference to 
the drawing. 

Fig. 38 shows a structure of the heat pump type air 
conditioner of this embodiment . 

As shown in Fig. 38, the heat pump type air conditioner 
of this embodiment uses a C0 2 refrigerant as a refrigerant, and 
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comprises a refrigerant circuit in which a compressor 1 having 
a motor 12, an outdoor heat exchanger 3, an expander 6, an indoor 
heat exchanger 8 and an auxiliary compressor 10 are connected 
to one another through pipes. 

The refrigerant circuit includes a first four-way valve 
2 to which a discharge side pipe and a suction side pipe of the 
compressor 1 are connected, a second four-way valve 4 to which 
a discharge side pipe and a suction side pipe of the expander 
6 are connected, and a third four-way valve 9 to which a discharge 
side pipe and a suction side pipe of the auxiliary compressor 
10 are connected. When refrigerant flows in a condition that 
the outdoor heat exchanger 3 is used as a gas cooler and the 
indoor heat exchanger 8 is used as an evaporator, the first 
four-way valve 2 and the third four-way valve 9 are switched 
over so that the discharge side of the auxiliary compressor 10 
becomes a suction side of the compressor 1. When refrigerant 
flows in a condition that the outdoor heat exchanger 3 is used 
as the evaporator and the indoor heat exchanger 8 is used as 
the gas cooler, the first four-way valve 2 and the third four-way 
valve 9 are switched over so that the discharge side of the 
compressor 1 becomes a suction side of the auxiliary compressor 
10. By switching of the second four-way valve 4, a direction 
of the refrigerant flowing through the expander 6 becomes always 
the same direction. 

A bypass circuit for bypassing the expander 6 is provided 
in parallel to the expander 6. The bypass circuit is provided 
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with a sub-expander 21. An electric generator 22 is connected 
to a drive shaft of the sub-expander 21. The bypass circuit 
is connected to the second four-way valve 4 like the expander 
6. 

A drive shaft of the expander 6 and a drive shaft of the 
auxiliary compressor 10 are connected to each other, and the 
auxiliary compressor 10 is driven by power recover by the 
expander 6. 

The operation of the heat pump type cooling and heating 
air conditioner of this embodiment will be explained. 

First, a cooling operation mode in which the outdoor heat 
exchanger 3 is used as a gas cooler and the indoor heat exchanger 
8 is used as an evaporator will be explained. ■ A flow of the 
refrigerant in the cooling operation mode is shown with solid 
arrows in the drawing. 

Refrigerant at the time of the cooling operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12. The refrigerant is introduced into the outdoor heat 
exchanger 3. In the outdoor heat exchanger 3, since C0 2 
refrigerant is in a supercritical state, the refrigerant is not 
brought into two-phase state, and dissipates heat to outside 
fluid such as air and water. Then, the C0 2 refrigerant is 
introduced into the expander 6 and the sub-expander 21 through 
the second four-way valve 4 and is expanded by the expander 6 
or the sub-expander 21. Power recover by the expander 6 at the 
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time of expanding operation is used for driving the auxiliary 
compressor 10. At that time, an optimal amount of refrigerant 
flowing into the expander 6 is calculated from a high pressure 
refrigerant temperature and a high pressure refrigerant 
pressure detected on the side of an outlet of the outdoor heat 
exchanger 3. If the volume flow rate is greater than the 
calculated optimal refrigerant amount, torque of the electric 
generator 22 (load of the electric generator) is reduced to 
increase the amount of refrigerant which is allowed to flow into 
the bypass circuit, thereby reducing the volume flow rate of 
refrigerant flowing into the expander 6. If the optimal amount 
of refrigerant flowing into the expander 6 is smaller than the 
calculated optimal refrigerant amount, torque of the electric 
generator 22 (load of the electric generator) is increased to 
reduce the amount of refrigerant flowing into the bypass circuit, 
thereby increasing the volume flow rate of refrigerant flowing 
into the expander 6. 

The CO2 refrigerant expanded by the sub-expander 21 and 
the expander 6 is introduced into the indoor heat exchanger 8 
through the second four-way valve 4, and is evaporated and 
suctions heat in the indoor heat exchanger 8. A room is cooled 
by the endotherm. The refrigerant which has been evaporated 
is introduced into the auxiliary compressor 10 through the 
second four-way valve 9 and supercharged by the auxiliary 
compressor 10 and drawn into the compressor 1. 
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Next, a heating operation mode in which the outdoor heat 
exchanger 3 is used as the evaporator and the indoor heat 
exchanger 8 is used as the gas cooler will be explained. A flow 
of a refrigerant in this heating operation mode is shown with 
dashed arrows in the drawing. 

Refrigerant at the time of the heating operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12, and is introduced into the auxiliary compressor 10 
through the first four-way valve 2 and the third four-way valve 

9 and is further super-pressurized by the auxiliary compressor 
10. The refrigerant super-charged by the auxiliary compressor 

10 is introduced into the indoor heat exchanger 8 through the 
third four-way valve 9. In the indoor heat exchanger 8, since 
C0 2 refrigerant is in a supercritical state, the refrigerant 
is not brought into two-phase state, and dissipates heat to 
outside fluid such as air and water. A room is heated utilizing 
this radiation. Then, the C0 2 refrigerant is introduced into 
the expander 6 and the sub-expander 21 through the second 
four-way valve 4, and is expanded by the expander 6 and the 
sub-expander 23. Power recover by the expander 6 at the time 
of expanding operation is used for driving the auxiliary 
compressor 10. At that time, an optimal amount of refrigerant 
flowing into the expander 6 is calculated from a high pressure 
refrigerant temperature and a high pressure refrigerant 
pressure detected on the side of an outlet of the indoor heat 
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exchanger 8. If the volume flow rate is greater than the 
calculated optimal refrigerant amount, torque of the electric 
generator 22 (load of the electric generator) is reduced to 
increase the amount of refrigerant which is allowed to flow into 
the bypass circuit, thereby reducing the volume flow rate of 
refrigerant flowing into the expander 6. If the optimal amount 
of refrigerant flowing into the expander 6 is smaller than the 
calculated optimal refrigerant amount, torque of the electric 
generator 22 (load of the electric generator) is increased to 
reduce the volume flow rate of refrigerant flowing into the 
expander 6. 

The C0 2 refrigerant expanded by the expander 6 and the 
sub-expander 21 is introduced into the outdoor heat exchanger 
3 through the second four-way valve 4, and is evaporated and 
suctions heat in the outdoor heat exchanger 3. The refrigerant 
which has been evaporated is drawn into the compressor 1 through 
the first four-way valve 2. 

As described above, according to this embodiment, the 
torque of the electric generator 22 (i.e., load of the electric 
generator) connected to the sub-expander 21 is changed to adjust 
the amount of refrigerant flowing through the bypass circuit, 
thereby controlling the amount of refrigerant flowing through 
the expander 6. Therefore, it is possible to efficiently 
recover power in the expander 6. During the control of the flow 
rate of the bypass system, power recover from the sub-expander 
21 is utilized for generating electricity of the electric 
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generator 22 , and it is possible to recover more power from the 
refrigeration cycle . 

Further, according to this embodiment, the compressor 
1 which compresses refrigerant and the expander 6 and the 
auxiliary compressor 10 which recover the power are separated 
from each other. The refrigeration cycle is switched such that 
the refrigerant is supercharged by the auxiliary compressor 10 
at the time of the cooling operation mode, and the refrigerant 
is super-pressurized at the time of the heating operation mode. 
With this structure, it is possible to allow the expander 6 to 
operate as a supercharging type expander which is suitable for 
cooling, and as a super-pressurizing type expander which is 
suitable for heating. 

A refrigeration cycle apparatus of another embodiment 
of the present invention will be explained with reference to 
the drawing. 

Fig. 39 shows a structure of the heat pump type air 
conditioner of this embodiment. 

As shown in Fig. 39, the heat pump type air conditioner 
of this embodiment uses a C0 2 refrigerant as a refrigerant, and 
comprises a refrigerant circuit in which a compressor 1 having 
a motor 12, an outdoor heat exchanger 3, an expander 6, an indoor 
heat exchanger 8 and an auxiliary compressor 10 are connected 
to one another through pipes. 
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The expander 6 is provided at its inflow side with a 
sub-expander 23 and an electric generator 24 is connected to 
a drive shaft of the sub-expander 23. 

A drive shaft of the expander 6 and a drive shaft of the 
auxiliary compressor 10 are connected to each other, and the 
auxiliary compressor 10 is driven by power recover by the 
expander 6. 

The refrigerant circuit includes a first four-way valve 
2 to which a discharge side pipe and a suction side pipe of the 
compressor 1 are connected, a second four-way valve 4 to which 
a discharge side pipe and a suction side pipe of the expander 
6 are connected, and a third four-way valve 9 to which a discharge 
side pipe and a suction side pipe of the auxiliary compressor 
10 are connected. When refrigerant flows in a condition that 
the outdoor heat exchanger 3 is used as a gas cooler and the 
indoor heat exchanger 8 is used as an evaporator, the first 
four-way valve 2 and the third four-way valve 9 are switched 
over so that the discharge side of the auxiliary compressor 10 
becomes a suction side of the compressor 1. When refrigerant 
flows in a condition that the outdoor heat exchanger 3 is used 
as the evaporator and the indoor heat exchanger 8 is used as 
the gas cooler, the first four-way valve 2 and the third four-way 
valve 9 are switched over so that the discharge side of the 
compressor 1 becomes a suction side of the auxiliary compressor 
10. By switching of the second four-way valve 4, a direction 
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of the refrigerant flowing through the expander 6 becomes always 
the same direction. 

The operation of the heat pump type cooling and heating 
air conditioner of this embodiment will be explained. 

First, a cooling operation mode in which the outdoor heat 
exchanger 3 is used as a gas cooler and the indoor heat exchanger 
8 is used as an evaporator will be explained. A flow of the 
refrigerant in the cooling operation mode is shown with solid 
arrows in the drawing. 

Refrigerant at the time of the cooling operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12. The refrigerant is introduced into the outdoor heat 
exchanger 3. In the outdoor heat exchanger 3, since C0 2 
refrigerant is in a supercritical state, the refrigerant is not 
brought into two-phase state, and dissipates heat to outside 
fluid such as air and water. Then, the CO2 refrigerant is 
introduced into the sub-expander 23 and the expander 6 through 
the second four-way valve 4 and is expanded by the sub-expander 
23 and the expander 6. Power recover by the expander 6 at the 
time of expanding operation is used for driving the auxiliary 
compressor 10. At that time, an optimal amount of refrigerant 
flowing into the expander 6 is calculated from a high pressure 
refrigerant temperature and a high pressure refrigerant 
pressure detected on the side of an outlet of the outdoor heat 
exchanger 3. If the volume flow rate is smaller than the 
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calculated optimal refrigerant amount, torque of the electric 
generator 24 (load of the electric generator) is increased to 
increase the high pressure side pressure, thereby increasing 
the volume flow rate of refrigerant flowing into the expander 
6. If the optimal amount of refrigerant flowing into the 
expander 6 is greater than the calculated optimal refrigerant 
amount, torque of the electric generator 24 (load of the 
electric generator) is reduced to reduce the high pressure side 
pressure, thereby reducing the volume flow rate of refrigerant 
flowing into the expander 6. 

The C0 2 refrigerant expanded by the sub-expander 23 and 
the expander 6 is introduced into the indoor heat exchanger 8 
through the second four-way valve 4, and is evaporated and 
suctions heat in the indoor heat exchanger 8. A room is cooled 
by the endotherm. The refrigerant which has been evaporated 
is introduced into the auxiliary compressor 10 through the 
second four-way valve 9 and supercharged by the auxiliary 
compressor 10 and drawn into the compressor 1. 

Next, a heating operation mode in which the outdoor heat 
exchanger 3 is used as the evaporator and the indoor heat 
exchanger 8 is used as the gas cooler will be explained. A flow 
of a refrigerant in this heating operation mode is shown with 
dashed arrows in the drawing. 

Refrigerant at the time of the heating operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
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motor 12, and is introduced into the auxiliary compressor 10 
through the first four-way valve 2 and the third four-way valve 

9 and is further super-pressurized by the auxiliary compressor 
10. The refrigerant super-charged by the auxiliary compressor 

10 is introduced into the indoor heat exchanger 8 through the 
third four-way valve 9. In the indoor heat exchanger 8, since 
C0 2 refrigerant is in a supercritical state, the refrigerant 
is not brought into two-phase state, and dissipates heat to 
outside fluid such as air and water, A room is heated utilizing 
this radiation. Then, the C0 2 refrigerant is introduced into 
the sub-expander 23 and the expander 6 through the second 
four-way valve 4, and is expanded by the sub-expander 23 and 
the expander 6. Power recover by the expander 6 at the time 
of expanding operation is used for driving the auxiliary 
compressor 10. At that time, an optimal amount of refrigerant 
flowing into the expander 6 is calculated from a high pressure 
refrigerant temperature and a high pressure refrigerant 
pressure detected on the side of an outlet of the indoor heat 
exchanger 8. If the volume flow rate is smaller than the 
calculated optimal refrigerant amount, torque of the electric 
generator 24 (load of the electric generator) is increased to 
increase the high pressure side pressure, thereby increasing 
the volume flow rate of refrigerant flowing into the expander 
6. If the optimal amount of refrigerant flowing into the 
expander 6 is greater than the calculated optimal refrigerant 
amount, torque of the electric generator 24 (load of the 
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electric generator) is reduced to reduce the high pressure side 
pressure, thereby reducing the volume flow rate of refrigerant 
flowing into the expander 6. 

The C0 2 refrigerant expanded by the sub-expander 23 and 
the expander 6 is evaporated and suctions heat in the outdoor 
heat exchanger 3. The refrigerant which has been evaporated 
is drawn into the compressor 1 through the first four-way valve 
2. 

As described above, according to this embodiment, the 
torque of the electric generator 24 (i.e. , load of the electric 
generator) connected to the sub-expander 23 is changed to adjust 
the high pressure side pressure, thereby controlling the amount 
of refrigerant flowing through the expander 6. Therefore, it 
is possible to efficiently recover power in the expander 6. 
Power recover from the sub-expander 23 is utilized for 
generating electricity of the electric generator 24, and it is 
possible to recover more power from the refrigeration cycle. 

Further, according to this embodiment, the compressor 
1 which compresses refrigerant and the expander 6 and the 
auxiliary compressor 10 which recover the power are separated 
from each other. The refrigeration cycle is switched such that 
the refrigerant is supercharged by the auxiliary compressor 10 
at the time of the cooling operation mode, and the refrigerant 
is super-pressurized at the time of the heating operation mode. 
With this structure, it is possible to allow the expander 6 to 
operate as a supercharging type expander which is suitable for 
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cooling, and as a super-pressurizing type expander which is 
suitable for heating. 

A refrigeration cycle apparatus of another embodiment 
of the present invention will be explained with reference to 
the drawing. 

Fig. 40 shows a structure of the heat pump type air 
conditioner of this embodiment. 

As shown in Fig. 4 0, the heat pump type air conditioner 
of this embodiment uses a C0 2 refrigerant as a refrigerant, and 
comprises a refrigerant circuit in which a compressor 1 having 
a motor 12, an outdoor heat exchanger 3, an expander 6, an indoor 
heat exchanger 8 and an auxiliary compressor 10 are connected 
to one another through pipes. 

The expander 6 is provided at its discharge side with 
a sub-expander 23 and an electric generator 24 is connected to 
a drive shaft of the sub-expander 23. 

A drive shaft of the expander 6 and a drive shaft of the 
auxiliary compressor 10 are connected to each other, and the 
auxiliary compressor 10 is driven by power recover by the 
expander 6. 

The refrigerant circuit includes a first four-way valve 
2 to which a discharge side pipe and a suction side pipe of the 
compressor 1 are connected, a second four-way valve 4 to which 
a discharge side pipe and a suction side pipe of the expander 
6 are connected, and a third four-way valve 9 to which a discharge 
side pipe and a suction side pipe of the auxiliary compressor 
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10 are connected. When refrigerant flows in a condition that 
the outdoor heat exchanger 3 is used as a gas cooler and the 
indoor heat exchanger 8 is used as an evaporator, the first 
four-way valve 2 and the third four-way valve 9 are switched 
over so that the discharge side of the auxiliary compressor 10 
becomes a suction side of the compressor 1. When refrigerant 
flows in a condition that the outdoor heat exchanger 3 is used 
as the evaporator and the indoor heat exchanger 8 is used as 
the gas cooler, the first four-way valve 2 and the third four-way 
valve 9 are switched over so that the discharge side of the 
compressor 1 becomes a suction side of the auxiliary compressor 
10. By switching of the second four-way valve 4, a direction 
of the refrigerant flowing through the expander 6 becomes always 
the same direction. 

The operation of the heat pump type cooling and heating 
air conditioner of this embodiment will be explained. 

First, a cooling operation mode in which the outdoor heat 
exchanger 3 is used as a gas cooler and the indoor heat exchanger 
8 is used as an evaporator will be explained. A flow of the 
refrigerant in the cooling operation mode is shown with solid 
arrows in the drawing. 

Refrigerant at the time of the cooling operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12. The refrigerant is introduced into the outdoor heat 
exchanger 3. In the outdoor heat exchanger 3, since C0 2 
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refrigerant is in a supercritical state, the refrigerant is not 
brought into two-phase state, and dissipates heat to outside 
fluid such as air and water. Then, the C0 2 refrigerant is 
introduced into the expander 6 and the sub-expander 23 through 
the second four-way valve 4 and is expanded by the expander 6 
and the sub-expander 23. Power recover by the expander 6 at 
the time of expanding operation is used for driving the 
auxiliary compressor 10. At that time, an optimal amount of 
refrigerant flowing into the expander 6 is calculated from a 
high pressure refrigerant temperature and a high pressure 
refrigerant pressure detected on the side of an outlet of the 
outdoor heat exchanger 3. If the volume flow rate is smaller 
than the calculated optimal refrigerant amount, torque of the 
electric generator 22 (load of the electric generator) is 
increased to reduce the low pressure side pressure, thereby 
increasing the volume flow rate of refrigerant flowing into the 
expander 6. If the optimal amount of refrigerant flowing into 
the expander 6 is greater than the calculated optimal 
refrigerant amount, torque of the electric generator 22 (load 
of the electric generator) is reduced to increase the low 
pressure side pressure, thereby reducing the volume flow rate 
of refrigerant flowing into the expander 6. 

The CO2 refrigerant expanded by the expander 6 and the 
sub-expander 23 is introduced into the indoor heat exchanger 
8 through the second four-way valve 4, and is evaporated and 
suctions heat in the indoor heat exchanger 8. A room is cooled 
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by the endotherm. The refrigerant which has been evaporated 
is introduced into the auxiliary compressor 10 through the 
second four-way valve 9 and supercharged by the auxiliary 
compressor 10 and drawn into the compressor 1. 

Next, a heating operation mode in which the outdoor heat 
exchanger 3 is used as the evaporator and the indoor heat 
exchanger 8 is used as the gas cooler will be explained. A flow 
of a refrigerant in this heating operation mode is shown with 
dashed arrows in the drawing. 

Refrigerant at the time of the heating operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12 , and is introduced into the auxiliary compressor 10 
through the first four-way valve 2 and the third four-way valve 

9 and is further super-pressurized by the auxiliary compressor 
10. The refrigerant super-charged by the auxiliary compressor 

10 is introduced into the indoor heat exchanger 8 through the 
third four-way valve 9. In the indoor heat exchanger 8, since 
CO2 refrigerant is in a supercritical state, the refrigerant 
is not brought into two-phase state, and dissipates heat to 
outside fluid such as air and water. A room is heated utilizing 
this radiation. Then, the C0 2 refrigerant is introduced into 
the expander 6 and the sub-expander 23 through the second 
four-way valve 4, and is expanded by the expander 6 and the 
sub-expander 23. Power recover by the expander 6 at the time 
of expanding operation is used for driving the auxiliary 
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compressor 10. At that time, an optimal amount of refrigerant 
flowing into the expander 6 is calculated from a high pressure 
refrigerant temperature and a high pressure refrigerant 
pressure detected on the side of an outlet of the indoor heat 
exchanger 8. If the volume flow rate is smaller than the 
calculated optimal refrigerant amount, torque of the electric 
generator 22 (load of the electric generator) is increased to 
reduce the low pressure side pressure, thereby increasing the 
volume flow rate of refrigerant flowing into the expander 6. 
If the optimal amount of refrigerant flowing into the expander 
6 is greater than the calculated optimal refrigerant amount, 
torque of the electric generator 22 (load of the electric 
generator) is reduced to increase the low pressure side pressure, 
thereby reducing the volume flow rate of refrigerant flowing 
into the expander 6. 

The C0 2 refrigerant expanded by the expander 6 and the 
sub-expander 23 is evaporated and suctions heat in the outdoor 
heat exchanger 3. The refrigerant which has been evaporated 
is drawn into the compressor 1 through the first four-way valve 
2. 

As described above, according to this embodiment, the 
torque of the electric generator 22 (i.e. , load of the electric 
generator) connected to the sub-expander 23 is changed to adjust 
the low pressure side pressure, thereby controlling the amount 
of refrigerant flowing through the expander 6. Therefore, it 
is possible to efficiently recover power in the expander 6. 
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Power recover from the sub-expander 23 is utilized for 
generating electricity of the electric generator 24, and it is 
possible to recover more power from the refrigeration cycle. 

Further, according to this embodiment, the compressor 
1 which compresses refrigerant and the expander 6 and the 
auxiliary compressor 10 which recover the power are separated 
from each other. The refrigeration cycle is switched such that 
the refrigerant is supercharged by the auxiliary compressor 10 
at the time of the cooling operation mode, and the refrigerant 
is super-pressurized at the time of the heating operation mode. 
With this structure, it is possible to allow the expander 6 to 
operate as a supercharging type expander which is suitable for 
cooling, and as a super-pressurizing type expander which is 
suitable for heating. 

A refrigeration cycle apparatus of another embodiment 
of the present invention will be explained with reference to 
the drawing. 

Fig. 41 shows a structure of the heat pump type air 
conditioner of this embodiment. 

As shown in Fig. 41, the heat pump type air conditioner 
of this embodiment uses a C0 2 refrigerant as a refrigerant, and 
comprises a refrigerant circuit in which a compressor 1 having 
a motor 12, an outdoor heat exchanger 3, an expander 6, an indoor 
heat exchanger 8 and an auxiliary compressor 10 are connected 
to one another through pipes. 
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The expander 6 is provided at its inflow side with a 
sub-expander 23 and an electric generator 24 is connected to 
a drive shaft of the sub-expander 23. 

A bypass circuit for bypassing the sub-expander 23 and 
the expander 6 is provided in parallel to the sub-expander 23 
and the expander 6. The bypass circuit is provided with a 
sub-expander 21. An electric generator 22 is connected to a 
drive shaft of the sub-expander 21. The bypass circuit is 
connected to the second four-way valve 4 like the sub-expander 
23 and the expander 6. 

A drive shaft of the expander 6 and a drive shaft of the 
auxiliary compressor 10 are connected to each other, and the 
auxiliary compressor 10 is driven by power recover by the 
expander 6. 

The refrigerant circuit includes a first four-way valve 
2 to which a discharge side pipe and a suction side pipe of the 
compressor 1 are connected, a second four-way valve 4 to which 
a discharge side pipe and a suction side pipe of the expander 
6 are connected, and a third four-way valve 9 to which a discharge 
side pipe and a suction side pipe of the auxiliary compressor 
10 are connected. When refrigerant flows in a condition that 
the outdoor heat exchanger 3 is used as a gas cooler and the 
indoor heat exchanger 8 is used as an evaporator, the first 
four-way valve 2 and the third four-way valve 9 are switched 
over so that the discharge side of the auxiliary compressor 10 
becomes a suction side of the compressor 1. When refrigerant 
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flows in a condition that the outdoor heat exchanger 3 is used 
as the evaporator and the indoor heat exchanger 8 is used as 
the gas cooler, the first four-way valve 2 and the third four-way 
valve 9 are switched over so that the discharge side of the 
compressor 1 becomes a suction side of the auxiliary compressor 
10. By switching of the second four-way valve 4, a direction 
of the refrigerant flowing through the expander 6 becomes always 
the same direction. 

The operation of the heat pump type cooling and heating 
air conditioner of this embodiment will be explained. 

First, a cooling operation mode in which the outdoor heat 
exchanger 3 is used as a gas cooler and the indoor heat exchanger 
8 is used as an evaporator will be explained. A flow of the 
refrigerant in the cooling operation mode is shown with solid 
arrows in the drawing. 

Refrigerant at the time of the cooling operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12. The refrigerant is introduced into the outdoor heat 
exchanger 3. In the outdoor heat exchanger 3, since C0 2 
refrigerant is in a supercritical state, the refrigerant is not 
brought into two-phase state, and dissipates heat to outside 
fluid such as air and water. Then, the C0 2 refrigerant is 
introduced into the sub-expander 23, the expander 6 and the 
sub-expander 21 and is expanded by the sub-expander 23, the 
expander 6 and the sub-expander 21. Power recover by the 
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expander 6 at the time of expanding operation is used for driving 
the auxiliary compressor 10* At that time, an optimal amount 
of refrigerant flowing into the expander 6 is calculated from 
a high pressure refrigerant temperature and a high pressure 
refrigerant pressure detected on the side of an outlet of the 
outdoor heat exchanger 3. If the volume flow rate is greater 
than the calculated optimal refrigerant amount, torque of the 
electric generator 22 (load of the electric generator) is 
reduced to increase the amount of refrigerant flowing into the 
bypass circuit, thereby reducing the volume flow rate of 
refrigerant flowing into the expander 6. If the optimal amount 
of refrigerant flowing into the expander 6 is smaller than the 
calculated optimal refrigerant amount, torque of the electric 
generator 24 (load of the electric generator) is increased to 
increase the high pressure side pressure, thereby increasing 
the volume flow rate of refrigerant flowing into the expander 
6. 

The C0 2 refrigerant expanded by the sub-expander 23 and 
the expander 6 or the C0 2 refrigerant expanded by the 
sub-expander 21 is introduced into the indoor heat exchanger 
8 through the second four-way valve 4, and is evaporated and 
suctions heat in the indoor heat exchanger 8. A room is cooled 
by the endotherm. The refrigerant which has been evaporated 
is introduced into the auxiliary compressor 10 through the 
second four-way valve 9 and supercharged by the auxiliary 
compressor 10 and drawn into the compressor 1. 
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Next, a heating operation mode in which the outdoor heat 
exchanger 3 is used as the evaporator and the indoor heat 
exchanger 8 is used as the gas cooler will be explained. A flow 
of a refrigerant in this heating operation mode is shown with 
dashed arrows in the drawing. 

Refrigerant at the time of the heating operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12, and is introduced into the auxiliary compressor 10 
through the first four-way valve 2 and the third four-way valve 

9 and is further super-pressurized by the auxiliary compressor 
10. The refrigerant super-charged by the auxiliary compressor 

10 is introduced into the indoor heat exchanger 8 through the 
third four-way valve 9. In the indoor heat exchanger 8, since 
C0 2 refrigerant is in a supercritical state, the refrigerant 
is not brought into two-phase state, and dissipates heat to 
outside fluid such as air and water. A room is heated utilizing 
this radiation. Then, the C0 2 refrigerant is introduced into 
the sub-expander 23, the expander 6 and the sub-expander 21 and 
is expanded by the sub-expander 23, the expander 6 and the 
sub-expander 21. Power recover by the expander 6 at the time 
of expanding operation is used for driving the auxiliary 
compressor 10. At that time, an optimal amount of refrigerant 
flowing into the expander 6 is calculated from a high pressure 
refrigerant temperature and a high pressure refrigerant 
pressure detected on the side of an outlet of the indoor heat 
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exchanger 8. If the volume flow rate is greater than the 
calculated optimal refrigerant amount, torque of the electric 
generator 22 (load of the electric generator) is reduced to 
increase the amount of refrigerant flowing into the bypass 
circuit, thereby reducing the volume flow rate of refrigerant 
flowing into the expander 6, If the optimal amount of 
refrigerant flowing into the expander 6 is smaller than the 
calculated optimal refrigerant amount, torque of the electric 
generator 24 (load of the electric generator) is increased to 
increase the high pressure side pressure, thereby increasing 
the volume flow rate of refrigerant flowing into the expander 
6. 

The C0 2 refrigerant expanded by the sub-expander 23 and 
the expander 6 or the C0 2 refrigerant expanded by the 
sub-expander 21 is introduced into the outdoor heat exchanger 
3 through the second four-way valve 4, and is evaporated and 
suctions heat in the outdoor heat exchanger 3. The refrigerant 
which has been evaporated is drawn into the compressor 1 through 
the first four-way valve 2. 

As described above, according to this embodiment, the 
torque of the electric generator 22 (i.e., load of the electric 
generator) connected to the sub-expander 21 is changed to adjust 
the amount of refrigerant flowing through the bypass circuit, 
thereby controlling the amount of refrigerant flowing through 
the expander 6, and torque of the electric generator 24 (i.e., 
load of the electric generator) connected to the sub-expander 
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23 is changed to adjust the high pressure side pressure, thereby 
controlling the amount of refrigerant flowing through the 
expander 6. Therefore, it is possible to efficiently recover 
power in the expander 6. Power recover from the sub-expander 
21 and the sub-expander 23 is utilized for generating 
electricity of the electric generators 22 and 24, and it is 
possible to recover more power from the refrigeration cycle. 

Further, according to this embodiment, the compressor 
1 which compresses refrigerant and the expander 6 and the 
auxiliary compressor 10 which recover the power are separated 
from each other. The refrigeration cycle is switched such that 
the refrigerant is supercharged by the auxiliary compressor 10 
at the time of the cooling operation mode, and the refrigerant 
is super-pressurized at the time of the heating operation mode. 
With this structure, it is possible to allow the expander 6 to 
operate as a supercharging type expander which is suitable for 
cooling, and as a super-pressurizing type expander which is 
suitable for heating. 

A refrigeration cycle apparatus of another embodiment 
of the present invention will be explained with reference to 
the drawing. 

Fig. 42 shows a structure of the heat pump type air 
conditioner of this embodiment. 

As shown in Fig. 42, the heat pump type air conditioner 
of this embodiment uses a C0 2 refrigerant as a refrigerant, and 
comprises a refrigerant circuit in which a compressor 1 having 
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a motor 12, an outdoor heat exchanger 3, an expander 6, an indoor 
heat exchanger 8 and an auxiliary compressor 10 are connected 
to one another through pipes. 

The expander 6 is provided at its inflow side with a 
sub-expander 23 and an electric generator 24 is connected to 
a drive shaft of the sub-expander 23. 

A bypass circuit for bypassing the sub-expander 23 and 
the expander 6 is provided in parallel to the sub-expander 23 
and the expander 6 . The bypass circuit is provided with a bypass 
circuit 7. The bypass circuit is connected to the second 
four-way valve 4 like the sub-expander 23 and the expander 6. 

A drive shaft of the expander 6 and a drive shaft of the 
auxiliary compressor 10 are connected to each other, and the 
auxiliary compressor 10 is driven by power recover by the 
expander 6. 

The refrigerant circuit includes a first four-way valve 
2 to which a discharge side pipe and a suction side pipe of the 
compressor 1 are connected, a second four-way valve 4 to which 
a discharge side pipe and a suction side pipe of the expander 
6 are connected, and a third four-way valve 9 to which a discharge 
side pipe and a suction side pipe of the auxiliary compressor 
10 are connected. When refrigerant flows in a condition that 
the outdoor heat exchanger 3 is used as a gas cooler and the 
indoor heat exchanger 8 is used as an evaporator, the first 
four-way valve 2 and the third four-way valve 9 are switched 
over so that the discharge side of the auxiliary compressor 10 
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becomes a suction side of the compressor 1. When refrigerant 
flows in a condition that the outdoor heat exchanger 3 is used 
as the evaporator and the indoor heat exchanger 8 is used as 
the gas cooler, the first four-way valve 2 and the third four-way 
valve 9 are switched over so that the discharge side of the 
compressor 1 becomes a suction side of the auxiliary compressor 
10. By switching of the second four-way valve 4, a direction 
of the refrigerant flowing through the expander 6 becomes always 
the same direction. 

The operation of the heat pump type cooling and heating 
air conditioner of this embodiment will be explained. 

First, a cooling operation mode in which the outdoor heat 
exchanger 3 is used as a gas cooler and the indoor heat exchanger 
8 is used as an evaporator will be explained. A flow of the 
refrigerant in the cooling operation mode is shown with solid 
arrows in the drawing. 

Refrigerant at the time of the cooling operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12. The refrigerant is introduced into the outdoor heat 
exchanger 3. In the outdoor heat exchanger 3, since C0 2 
refrigerant is in a supercritical state, the refrigerant is not 
brought into two-phase state, and dissipates heat to outside 
fluid such as air and water. Then, the C0 2 refrigerant is 
introduced into the sub-expander 23 and the expander 6 and is 
expanded by the sub-expander 23 and the expander 6. Power 
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recover by the expander 6 at the time of expanding operation 
is used for driving the auxiliary compressor 10. At that time, 
an optimal amount of refrigerant flowing into the expander 6 
is calculated from a high pressure refrigerant temperature and 
a high pressure refrigerant pressure detected on the side of 
an outlet of the outdoor heat exchanger 3. If the volume flow 
rate is greater than the calculated optimal refrigerant amount, 
the opening of the bypass valve 7 is increased to increase the 
amount of refrigerant flowing into the bypass circuit, thereby 
reducing the volume flow rate of refrigerant flowing into the 
expander 6. If the optimal amount of refrigerant flowing into 
the expander 6 is smaller than the calculated optimal 
refrigerant amount, torque of the electric generator 24 (load 
of the electric generator) is increased to increase the high 
pressure side pressure, thereby increasing the volume flow rate 
of refrigerant flowing into the expander 6. 

The C0 2 refrigerant expanded by the sub-expander 23 and 
the expander 6 is introduced into the indoor heat exchanger 8 
through the second four-way valve 4, and is evaporated and 
suctions heat in the indoor heat exchanger 8. A room is cooled 
by the endotherm. The refrigerant which has been evaporated 
is introduced into the auxiliary compressor 10 through the 
second four-way valve 9 and supercharged by the auxiliary 
compressor 10 and drawn into the compressor 1. 

Next, a heating operation mode in which the outdoor heat 
exchanger 3 is used as the evaporator and the indoor heat 
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exchanger 8 is used as the gas cooler will be explained. A flow 
of a refrigerant in this heating operation mode is shown with 
dashed arrows in the drawing. 

Refrigerant at the time of the heating operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12, and is introduced into the auxiliary compressor 10 
through the first four-way valve 2 and the third four-way valve 

9 and is further super-pressurized by the auxiliary compressor 
10. The refrigerant super-charged by the auxiliary compressor 

10 is introduced into the indoor heat exchanger 8 through the 
third four-way valve 9. In the indoor heat exchanger 8, since 
C0 2 refrigerant is in a supercritical state, the refrigerant 
is not brought into two-phase state, and dissipates heat to 
outside fluid such as air and water. A room is heated utilizing 
this radiation. Then, the CO2 refrigerant is introduced into 
the sub-expander 23 and the expander 6 and is expanded by the 
sub-expander 23 and the expander 6. Power recover by the 
expander 6 at the time of expanding operation is used for driving 
the auxiliary compressor 10. At that time, an optimal amount 
of refrigerant flowing into the expander 6 is calculated from 
a high pressure refrigerant temperature and a high pressure 
refrigerant pressure detected on the side of an outlet of the 
indoor heat exchanger 8. If the volume flow rate is greater 
than the calculated optimal refrigerant amount, the opening of 
the bypass valve 7 is increased to increase the amount of 
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refrigerant flowing into the bypass circuit, thereby reducing 
the volume flow rate of refrigerant flowing into the expander 
6. If the optimal amount of refrigerant flowing into the 
expander 6 is smaller than the calculated optimal refrigerant 
amount, torque of the electric generator 24 (load of the 
electric generator) is increased to increase the high pressure 
side pressure, thereby increasing the volume flow rate of 
refrigerant flowing into the expander 6. 

The C0 2 refrigerant expanded by the sub-expander 23 and 
the expander 6 is introduced into the outdoor heat exchanger 
3 through the second four-way valve 4, and is evaporated and 
suctions heat in the outdoor heat exchanger 3. The refrigerant 
which has been evaporated is drawn into the compressor 1 through 
the first four-way valve 2. 

As described above, according to this embodiment, the 
opening of the bypass valve 7 is changed to adjust the amount 
of refrigerant flowing through the bypass circuit, thereby 
controlling the amount of refrigerant flowing through the 
expander 6, and torque of the electric generator 24 (i.e., load 
of the electric generator) connected to the sub-expander 23 is 
changed to adjust the high pressure side pressure, thereby 
controlling the amount of refrigerant flowing through the 
expander 6. Therefore, it is possible to efficiently recover 
power in the expander 6. Power recover from the sub-expander 
23 is utilized for generating electricity of the electric 
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generator 24, and it is possible to recover more power from the 
refrigeration cycle . 

Further, according to this embodiment, the compressor 
1 which compresses refrigerant and the expander 6 and the 
auxiliary compressor 10 which recover the power are separated 
from each other. The refrigeration cycle is switched such that 
the refrigerant is supercharged by the auxiliary compressor 10 
at the time of the cooling operation mode, and the refrigerant 
is super-pressurized at the time of the heating operation mode. 
With this structure, it is possible to allow the expander 6 to 
operate as a supercharging type expander which is suitable for 
cooling, and as a super-pressurizing type expander which is 
suitable for heating. 

A refrigeration cycle apparatus of another embodiment 
of the present invention will be explained with reference to 
the drawing. 

Fig. 43 shows a structure of the heat pump type air 
conditioner of this embodiment. 

As shown in Fig. 43, the heat pump type air conditioner 
of this embodiment uses a C0 2 refrigerant as a refrigerant, and 
comprises a refrigerant circuit in which a compressor 1 having 
a motor 12, an outdoor heat exchanger 3, an expander 6, an indoor 
heat exchanger 8 and an auxiliary compressor 10 are connected 
to one another through pipes. 

The expander 6 is provided at its inflow side with a 
pre-expansion valve 5. 
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A bypass circuit for bypassing the pre-expansion valve 

5 and the expander 6 is provided in parallel to the pre-expansion 
valve 5 and the expander 6. The bypass circuit is provided with 
a sub-expander 21. The bypass circuit is connected to the 
second four-way valve 4 like the sub-expander 23 and the 
expander 6. 

A drive shaft of the expander 6 and a drive shaft of the 
auxiliary compressor 10 are connected to each other, and the 
auxiliary compressor 10 is driven by power recover by the 
expander 6. 

The refrigerant circuit includes a first four-way valve 
2 to which a discharge side pipe and a suction side pipe of the 
compressor 1 are connected, a second four-way valve 4 to which 
a discharge side pipe and a suction side pipe of the expander 

6 are connected, and a third four-way valve 9 to which a discharge 
side pipe and a suction side pipe of the auxiliary compressor 
10 are connected. When refrigerant flows in a condition that 
the outdoor heat exchanger 3 is used as a gas cooler and the 
indoor heat exchanger 8 is used as an evaporator, the first 
four-way valve 2 and the third four-way valve 9 are switched 
over so that the discharge side of the auxiliary compressor 10 
becomes a suction side of the compressor 1. When refrigerant 
flows in a condition that the outdoor heat exchanger 3 is used 
as the evaporator and the indoor heat exchanger 8 is used as 
the gas cooler, the first four-way valve 2 and the third four-way 
valve 9 are switched over so that the discharge side of the 
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compressor 1 becomes a suction side of the auxiliary compressor 
10. By switching of the second four-way valve 4, a direction 
of the refrigerant flowing through the expander 6 becomes always 
the same direction. 

The operation of the heat pump type cooling and heating 
air conditioner of this embodiment will be explained. 

First, a cooling operation mode in which the outdoor heat 
exchanger 3 is used as a gas cooler and the indoor heat exchanger 
8 is used as an evaporator will be explained. A flow of the 
refrigerant in the cooling operation mode is shown with solid 
arrows in the drawing. 

Refrigerant at the time of the cooling operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12. The refrigerant is introduced into the outdoor heat 
exchanger 3. In the outdoor heat exchanger 3, since C0 2 
refrigerant is in a supercritical state, the refrigerant is not 
brought into two-phase state, and dissipates heat to outside 
fluid such as air and water. Then, the C0 2 refrigerant is 
introduced into the pre-expansion valve 5, the expander 6 and 
the sub-expander 21 and is expanded by the pre-expansion valve 
5, the expander 6 and the sub-expander 21. Power recover by 
the expander 6 at the time of expanding operation is used for 
driving the auxiliary compressor 10. At that time, an optimal 
amount of refrigerant flowing into the expander 6 is calculated 
from a high pressure refrigerant temperature and a high pressure 
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refrigerant pressure detected on the side of an outlet of the 
outdoor heat exchanger 3. If the volume flow rate is greater 
than the calculated optimal refrigerant amount, torque of the 
electric generator 22 (load of electric generator) is reduced 
to increase the amount of refrigerant flowing into the bypass 
circuit, thereby reducing the volume flow rate of refrigerant 
flowing into the expander 6. If the optimal amount of 
refrigerant flowing into the expander 6 is smaller than the 
calculated optimal refrigerant amount, the opening of the 
pre-expansion valve 5 is reduced to increase the high pressure 
side pressure, thereby increasing the volume flow rate of 
refrigerant flowing into the expander 6. 

The C0 2 refrigerant expanded by the pre-expansion valve 
5 and the expander 6 or the C0 2 refrigerant expanded by the 
sub-expander 21 is introduced into the indoor heat exchanger 
8 through the second four-way valve 4, and is evaporated and 
suctions heat in the indoor heat exchanger 8. A room is cooled 
by the endotherm. The refrigerant which has been evaporated 
is introduced into the auxiliary compressor 10 through the 
second four-way valve 9 and supercharged by the auxiliary 
compressor 10 and drawn into the compressor 1. 

Next, a heating operation mode in which the outdoor heat 
exchanger 3 is used as the evaporator and the indoor heat 
exchanger 8 is used as the gas cooler will be explained. A flow 
of a refrigerant in this heating operation mode is shown with 
dashed arrows in the drawing. 
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Refrigerant at the time of the heating operation mode is 
compressed at a high temperature and under a high pressure and 
is discharged by the compressor 1 which is driven by the motor 
12, and is introduced into the auxiliary compressor 10 through 
the first four-way valve 2 and the third four-way valve 9 and 
is further super-pressurized by the auxiliary compressor 10. 
The refrigerant super-charged by the auxiliary compressor 10 
is introduced into the indoor heat exchanger 8 through the third 
four-way valve 9. In the indoor heat exchanger 8, since C0 2 
refrigerant is in a supercritical state, the refrigerant is not 
brought into two-phase state, and dissipates heat to outside 
fluid such as air and water. A room is heated utilizing this 
radiation. Then, the C0 2 refrigerant is introduced into the 
pre-expansion valve 5, the expander 6 and the sub-expander 21 
and is expanded by the pre-expansion valve 5, the expander 6 
and the sub-expander 21. Power recover by the expander 6 at 
the time of expanding operation is used for driving the 
auxiliary compressor 10. At that time, an optimal amount of 
refrigerant flowing into the expander 6 is calculated from a 
high pressure refrigerant temperature and a high pressure 
refrigerant pressure detected on the side of an outlet of the 
indoor heat exchanger 8. If the volume flow rate is greater 
than the calculated optimal refrigerant amount, torque of the 
electric generator 22 (load of electric generator) is reduced 
to increase the amount of refrigerant flowing into the bypass 
circuit, thereby reducing the volume flow rate of refrigerant 
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flowing into the expander 6. If the optimal amount of 
refrigerant flowing into the expander 6 is smaller than the 
calculated optimal refrigerant amount, the opening of the 
pre-expansion valve 5 is reduced to increase the high pressure 
side pressure, thereby increasing the volume flow rate of 
refrigerant flowing into the expander 6. 

The C0 2 refrigerant expanded by the pre-expansion valve 
5 and the expander 6 or the C0 2 refrigerant expanded by the 
sub-expander 21 is introduced into the outdoor heat exchanger 
3 through the second four-way valve 4, and is evaporated and 
suctions heat in the outdoor heat exchanger 3. The refrigerant 
which has been evaporated is drawn into the compressor 1 through 
the first four-way valve 2. 

As described above, according to this embodiment, torque 
(i.e., load of electric generator) of the electric generator 
22 connected to the sub-expander 21 is changed to adjust the 
amount of refrigerant flowing through the bypass circuit, 
thereby controlling the amount of refrigerant flowing through 
the expander 6, and opening of the pre-expansion valve 5 is 
changed to adjust the high pressure side pressure, thereby 
controlling the amount of refrigerant flowing through the 
expander 6. Therefore, it is possible to efficiently recover 
power in the expander 6. Power recover from the sub-expander 
21 is utilized for generating electricity of the electric 
generator 22, and it is possible to recover more power from the 
refrigeration cycle . 
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Further, according to this embodiment, the compressor 
1 which compresses refrigerant and the expander 6 and the 
auxiliary compressor 10 which recover the power are separated 
from each other. The refrigeration cycle is switched such that 
the refrigerant is supercharged by the auxiliary compressor 10 
at the time of the cooling operation mode, and the refrigerant 
is super-pressurized at the time of the heating operation mode. 
With this structure, it is possible to allow the expander 6 to 
operate as a supercharging type expander which is suitable for 
cooling, and as a super-pressurizing type expander which is 
suitable for heating. 

A refrigeration cycle apparatus of another embodiment 
of the present invention will be explained with reference to 
the drawing. 

Fig. 44 shows a structure of the heat pump type air 
conditioner of this embodiment. 

As shown in Fig. 44, the heat pump type air conditioner 
of this embodiment uses a C0 2 refrigerant as a ref rigerant , " and 
comprises a refrigerant circuit in which a compressor 1 having 
a motor 12, an outdoor heat exchanger 3, an expander 6, an indoor 
heat exchanger 8 and an auxiliary compressor 10 are connected 
to one another through pipes. 

The expander 6 is provided at its inflow side with a 
sub-expander 23, and an electric generator 22 is connected to 
a drive shaft of the sub-expander 23. 
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A bypass circuit for bypassing the sub-expander 23 and 
the expander 6 is provided in parallel to the sub-expander 23 
and the expander 6. The bypass circuit is provided with a 
sub-expander 21. The bypass circuit is connected to the second 
four-way valve 4 like the sub-expander 23 and the expander 6. 

Here, the electric generator 22 includes a clutch 
mechanism which is connected to one of the sub-expander 21 and 
the sub-expander 23. The bypass circuit is provided at its 
inflow side with a flow path valve 25. 

A drive shaft of the expander 6 and a drive shaft of the 
auxiliary compressor 10 are connected to each other, and the 
auxiliary compressor 10 is driven by power recover by the 
expander 6. 

The refrigerant circuit includes a first four-way valve 
2 to which a discharge side pipe and a suction side pipe of the 
compressor 1 are connected, a second four-way valve 4 to which 
a discharge side pipe and a suction side pipe of the expander 
6 are connected, and a third four-way valve 9 to which a discharge 
side pipe and a suction side pipe of the auxiliary compressor 
10 are connected. When refrigerant flows in a condition that 
the outdoor heat exchanger 3 is used as a gas cooler and the 
indoor heat exchanger 8 is used as an evaporator, the first 
four-way valve 2 and the third four-way valve 9 are switched 
over so that the discharge side of the auxiliary compressor 10 
becomes a suction side of the compressor 1. When refrigerant 
flows in a condition that the outdoor heat exchanger 3 is used 
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as the evaporator and the indoor heat exchanger 8 is used as 
the gas cooler, the first four-way valve 2 and the third four-way 
valve 9 are switched over so that the discharge side of the 
compressor 1 becomes a suction side of the auxiliary compressor 
10. By switching of the second four-way valve 4, a direction 
of the refrigerant flowing through the expander 6 becomes always 
the same direction. 

The operation of the heat pump type cooling and heating 
air conditioner of this embodiment will be explained. 

First, a cooling operation mode in which the outdoor heat 
exchanger 3 is used as a gas cooler and the indoor heat exchanger 
8 is used as an evaporator will be explained. A flow of the 
refrigerant in the cooling operation mode is shown with solid 
arrows in the drawing. 

Refrigerant at the time of the cooling operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12. The refrigerant is introduced into the outdoor heat 
exchanger 3. In the outdoor heat exchanger 3, since C0 2 
refrigerant is in a supercritical state, the refrigerant is not 
brought into two-phase state, and dissipates heat to outside 
fluid such as air and water. Then, the C0 2 refrigerant is 
introduced into the sub-expander 23 and the expander 6 and is 
expanded by the sub-expander 23 and the expander 6. Power 
recover by the expander 6 at the time of expanding operation 
is used for driving the auxiliary compressor 10. At that time, 
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an optimal amount of refrigerant flowing into the expander 6 
is calculated from a high pressure refrigerant temperature and 
a high pressure refrigerant pressure detected on the side of 
an outlet of the outdoor heat exchanger 3. If the volume flow 
rate is greater than the calculated optimal refrigerant amount, 
the flow path valve 25 is opened, the electric generator 22 is 
connected to the sub-expander 21 to allow refrigerant to flow 
into the bypass circuit, thereby reducing the volume flow rate 
of refrigerant flowing into the expander 6. In this case, the 
sub-expander 23 is not allowed to operate. It is preferable 
that torque of the electric generator 22 is adjusted to change 
the bypass amount. If the volume flow rate is smaller than the 
calculated optimal refrigerant amount, the flow path valve 25 
is closed, the electric generator 22 is connected to the 
sub-expander 23, the high pressure side pressure is increased, 
and the volume flow rate of refrigerant flowing into the 
expander 6 is increased. In this case, the sub-expander 21 is 
not allowed to operate. It is preferable that torque of the 
electric generator 22 is adjusted to change the high pressure 
side pressure. 

The C0 2 refrigerant expanded by the sub-expander 23 and 
the expander 6 or the C0 2 refrigerant expanded by the 
sub-expander 21 and the expander 6 is introduced into the indoor 
heat exchanger 8 through the second four-way valve 4 and is 
evaporated and suctions heat in the indoor heat exchanger 8. 
A room is cooled by this endotherm. The refrigerant which has 
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been evaporated is introduced into the auxiliary compressor 10 
and supercharged by the auxiliary compressor 10 and is drawn 
into the compressor 1. 

Next, a heating operation mode in which the outdoor heat 
exchanger 3 is used as the evaporator and the indoor heat 
exchanger 8 is used as the gas cooler will be explained. A flow 
of a refrigerant in this heating operation mode is shown with 
dashed arrows in the drawing. 

Refrigerant at the time of the heating operation mode is 
compressed at a high temperature and under a high pressure and 
is discharged by the compressor 1 which is driven by the motor 
12, and is introduced into the auxiliary compressor 10 through 
the first four-way valve 2 and the third four-way valve 9 and 
is further super-pressurized by the auxiliary compressor 10. 
The refrigerant super-charged by the auxiliary compressor 10 
is introduced into the indoor heat exchanger 8 through the third 
four-way valve 9. In the indoor heat exchanger 8, since C0 2 
refrigerant is in a supercritical state, the refrigerant is not 
brought into two-phase state, and dissipates heat to outside 
fluid such as air and water. A room is heated utilizing this 
radiation. Then, the C0 2 refrigerant is introduced into the 
sub-expander 23 and the expander 6 and is expanded by the 
sub-expander 23 and the expander 6. Power recover by the 
expander 6 at the time of expanding operation is used for driving 
the auxiliary compressor 10. At that time, an optimal amount 
of refrigerant flowing into the expander 6 is calculated from 
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a high pressure refrigerant temperature and a high pressure 
refrigerant pressure detected on the side of an outlet of the 
indoor heat exchanger 8. If the volume flow rate is greater 
than the calculated optimal refrigerant amount, the flow path 
valve 25 is opened, the electric generator 22 is connected to 
the sub-expander 21 to allow refrigerant to flow into the bypass 
circuit, thereby reducing the volume flow rate of refrigerant 
flowing into the expander 6. In this case, the sub-expander 
23 is not allowed to operate. It is preferable that torque of 
the electric generator 22 is adjusted to change the bypass 
amount. If the volume flow rate is smaller than the calculated 
optimal refrigerant amount, the flow path valve 25 is closed, 
the electric generator 22 is connected to the sub-expander 23, 
the high pressure side pressure is increased, and the volume 
flow rate of refrigerant flowing into the expander 6 is 
increased. In this case, the sub-expander 21 is not allowed 
to operate. It is preferable that torque of the electric 
generator 22 is adjusted to change the high pressure side 
pressure . 

The C0 2 refrigerant expanded by the sub-expander 23 and 
the expander 6 or the C0 2 refrigerant expanded by the 
sub-expander 21 and the expander 6 is introduced into the 
outdoor heat exchanger 3" through the second four-way valve 4, 
and is evaporated and suctions heat in the outdoor heat 
exchanger 3 . The refrigerant which has been evaporated is drawn 
into the compressor 1 through the first four-way valve 2. 
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As described above, according to this embodiment, the 
open/close valve 25 is opened and the electric generator 22 is 
connected to the sub-expander 21 to adjust the amount of 
refrigerant flowing through the bypass circuit, thereby 
controlling the amount of refrigerant flowing through the 
expander 6, and the open/close valve 25 is closed and the torque 
of the electric generator 24 (i.e. , load of electric generator) 
connected to the sub-expander 23 is changed to adjust the high 
pressure side pressure, thereby controlling the amount of . 
refrigerant flowing through the expander 6. Therefore, it is 
possible to efficiently recover power in the expander 6. Power 
recover from the sub-expander 21 is utilized for generating 
electricity of the electric generator 22, and it is possible 
to recover more power from the refrigeration cycle. 

Further, according to this embodiment, the compressor 
1 which compresses refrigerant and the expander 6 and the 
auxiliary compressor 10 which recover the power are separated 
from each other. The refrigeration cycle is switched such that 
the refrigerant is supercharged by the auxiliary compressor 10 
at the time of the cooling operation mode, and the refrigerant 
is super-pressurized at the time of the heating operation mode. 
With this structure, it is possible to allow the expander 6 to 
operate as a supercharging type expander which is suitable for 
cooling, and as a super-pressurizing type expander which is 
suitable for heating. 
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A refrigeration cycle apparatus of another embodiment 
of the present invention will be explained with reference to 
the drawing. 

Fig. 45 shows a structure of the heat pump type air 
conditioner of this embodiment. 

As shown in Fig. 45, the heat pump type air conditioner 
of this embodiment uses a C0 2 refrigerant as a refrigerant, and 
comprises a refrigerant circuit in which a compressor 1 having 
a motor 12, an outdoor heat exchanger 3, an expander 6, an indoor 
heat exchanger 8 and an auxiliary compressor 10 are connected 
to one another through pipes. 

The expander 6 is provided at its discharge side with 
a sub-expander 23, and an electric generator 22 is connected 
to a drive shaft of the sub-expander 23. 

A bypass circuit for bypassing the sub-expander 23 and 
the expander 6 is provided in parallel to the sub-expander 23 
and the expander 6. The bypass circuit is provided with a 
sub-expander 21. The bypass circuit is connected to the second 
four-way valve 4 like the sub-expander 23 and the expander 6. 

Here, the electric generator 22 includes a clutch 
mechanism which is connected to one of the sub-expander 21 and 
the sub-expander 23. The bypass circuit is provided at its 
inflow side with a flow path valve 25. 

A drive shaft of the expander 6 and a drive shaft of the 
auxiliary compressor 10 are connected to each other, and the 
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auxiliary compressor 10 is driven by power recover by the 
expander 6. 

The refrigerant circuit includes a first four-way valve 
2 to which a discharge side pipe and a suction side pipe of the 
compressor 1 are connected, a second four-way valve 4 to which 
a discharge side pipe and a suction side pipe of the expander 
6 are connected, and a third four-way valve 9 to which a discharge 
side pipe and a suction side pipe of the auxiliary compressor 
10 are connected. When refrigerant flows in a condition that 
the outdoor heat exchanger 3 is used as a gas cooler and the 
indoor heat exchanger 8 is used as an evaporator, the first 
four-way valve 2 and the third four-way valve 9 are switched 
over so that the discharge side of the auxiliary compressor 10 
becomes a suction side of the compressor 1. When refrigerant 
flows in a condition that the outdoor heat exchanger 3 is used 
as the evaporator and the indoor heat exchanger 8 is used as 
the gas cooler, the first four-way valve 2 and the third four-way 
valve 9 are switched over so that the discharge side of the 
compressor 1 becomes a suction side of the auxiliary compressor 
10. By switching of the second four-way valve 4, a direction 
of the refrigerant flowing through the expander 6 becomes always 
the same direction. 

The operation of the heat pump type cooling and heating 
air conditioner of this embodiment will be explained. 

First, a cooling operation mode in which the outdoor heat 
exchanger 3 is used as a gas cooler and the indoor heat exchanger 
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8 is used as an evaporator will be explained. A flow of the 
refrigerant in the cooling operation mode is shown with solid 
arrows in the drawing. 

Refrigerant at the time of the cooling operation mode 
is compressed at a high temperature and under a high pressure 
and is discharged by the compressor 1 which is driven by the 
motor 12. The refrigerant is introduced into the outdoor heat 
exchanger 3. In the outdoor heat exchanger 3, since C0 2 
refrigerant is in a supercritical state, the refrigerant is not 
brought into two-phase state, and dissipates heat to outside 
fluid such as air and water. Then, the C0 2 refrigerant is 
introduced into the expander 6 and the sub-expander 23 and is 
expanded by the expander 6 and the sub-expander 23. Power 
recover by the expander 6 at the time of expanding operation 
is used for driving the auxiliary compressor 10. At that time, 
an optimal amount of refrigerant flowing into the expander 6 
is calculated from a high pressure refrigerant temperature and 
a high pressure refrigerant pressure detected on the side of 
an outlet of the outdoor heat exchanger 3. If the volume flow 
rate is greater than the calculated optimal refrigerant amount, 
the flow path valve 25 is opened, the electric generator 22 is 
connected to the sub-expander 21 to allow refrigerant to flow 
into the bypass circuit, thereby reducing the volume flow rate 
of refrigerant flowing into the expander 6. In this case, the 
sub-expander 23 is not allowed to operate. It is preferable 
that torque of the electric generator 22 is adjusted to change 
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the bypass amount. If the volume flow rate is smaller than the 
calculated optimal refrigerant amount, the flow path valve 25 
is closed, the electric generator 22 is connected to the 
sub-expander 23, the low pressure side pressure is reduced, and 
the volume flow rate of refrigerant flowing into the expander 
6 is increased. In this case, the sub-expander 21 is not allowed 
to operate. It is preferable that torque of the electric 
generator 22 is adjusted to change the low pressure side 
pressure . 

The C0 2 refrigerant expanded by the sub-expander 23 and 
the expander 6 or the C0 2 refrigerant expanded by the 
sub-expander 21 and th,e expander 6 is introduced into the indoor 
heat exchanger 8 through the second four-way valve 4 and is 
evaporated and suctions heat in the indoor heat exchanger 8. 
A room is cooled by this endotherm. The refrigerant which has 
been evaporated is introduced into the auxiliary compressor 10 
and supercharged by the auxiliary compressor 10 and is drawn 
into the compressor 1. 

Next, a heating operation mode in which the outdoor heat 
exchanger 3 is used as the evaporator and the indoor heat 
exchanger 8 is used as the gas cooler will be explained. A flow 
of a refrigerant in this heating operation mode is shown with 
dashed arrows in the drawing. 

Refrigerant at the time of the heating operation mode is 
compressed at a high temperature and under a high pressure and 
is discharged by the compressor 1 which is driven by the motor 
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12 , and is introduced into the auxiliary compressor 10 through 
the first four-way valve 2 and the third four-way valve 9 and 
is further super-pressurized by the auxiliary compressor 10. 
The refrigerant super-charged by the auxiliary compressor 10 
is introduced into the indoor heat exchanger 8 through the third 
four-way valve 9. In the indoor heat exchanger 8, since C0 2 
refrigerant is in a supercritical state, the refrigerant is not 
brought into two-phase state, and dissipates heat to outside 
fluid such as air and water. A room is heated utilizing this 
radiation. Then, the C0 2 refrigerant is introduced into the 
expander 6 and the sub-expander 23 and is expanded by the 
expander 6 and the sub-expander 23. Power recover by the 
expander 6 at the time of expanding operation is used for driving 
the auxiliary compressor 10. At that time, an optimal amount 
of refrigerant flowing into the expander 6 is calculated from 
a high pressure refrigerant temperature and a high pressure 
refrigerant pressure detected on the side of an outlet of the 
indoor heat exchanger 8. If the volume flow rate is greater 
than the calculated optimal refrigerant amount, the flow path 
valve 25 is opened, the electric generator 22 is connected to 
the sub-expander 21 to allow refrigerant to flow into the bypass 
circuit, thereby reducing the volume flow rate of refrigerant 
flowing into the expander 6. In this case, the sub-expander 
23 is not allowed to operate. It is preferable that torque of 
the electric generator 22 is adjusted to change the bypass 
amount. If the volume flow rate is smaller than the calculated 
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optimal refrigerant amount, the flow path valve 25 is closed, 
the electric generator 22 is connected to the sub-expander 23, 
the low pressure side pressure is reduced, and the volume flow 
rate of refrigerant flowing into the expander 6 is increased. 
In this case, the sub-expander 21 is not allowed to operate. 
It is preferable that torque of the electric generator 22 is 
adjusted to change the low pressure side pressure. 

The C0 2 refrigerant expanded by the sub-expander 23 and 
the expander 6 or the CO2 refrigerant expanded by the 
sub-expander 21 and the expander 6 is introduced into the 
outdoor heat exchanger 3 through the second four-way valve 4, 
and is evaporated and suctions heat in the outdoor heat 
exchanger 3 . The refrigerant which has been evaporated is drawn 
into the compressor 1 through the first four-way valve 2. 

As described above, according to this embodiment, the 
open/close valve 25 is opened and the electric generator 22 is 
connected to the sub-expander 21 to adjust the amount of 
refrigerant flowing through the bypass circuit, thereby 
controlling the amount of refrigerant flowing through the 
expander 6, and the open/close valve 25 is closed and the torque 
of the electric generator 24 (i.e. , load of electric generator) 
connected to the sub-expander 23 is changed to adjust the high 
pressure side pressure, thereby controlling the amount of 
refrigerant flowing through the expander 6. Therefore, it is 
possible to efficiently recover power in the expander 6. Power 
recover from the sub-expander 21 is utilized for generating 
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electricity of the electric generator 22, and it is possible 
to recover more power from the refrigeration cycle. 

Further, according to this embodiment, the compressor 
1 which compresses refrigerant and the expander 6 and the 
auxiliary compressor 10 which recover the power are separated 
from each other. The refrigeration cycle is switched such that 
the refrigerant is supercharged by the auxiliary compressor 10 
at the time of the cooling operation mode, and the refrigerant 
is super-pressurized at the time of the heating operation mode. 
With this structure, it is possible to allow the expander 6 to 
operate as a supercharging type expander which is suitable for 
cooling, and as a super-pressurizing type expander which is 
suitable for heating. 

Although the above embodiments have been described using 
the heat pump type cooling and heating air conditioner, the 
present invention can also be applied to other refrigeration 
cycle apparatuses in which the outdoor heat exchanger 3 is used 
as a first heat exchanger, the indoor heat exchanger 8 is used 
as a second heat exchanger, and the first and second heat 
exchangers are utilized for hot and cool water devices or 
thermal storages. 

As described above, according to the present invention, 
it is possible to reduce the constraint that the density ratio 
is constant as small as possible, and to obtain high power 
recovering effect in a wide operation range. 
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